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FOREWORD
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1. INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

1l.1.1 Purpose of Report

This report on Technology and Libraries has been prepared by System
Development Corporation for the National Advisory commission on Libraries,
which has been asked by President Johnson to eppraise the role and ade-
quacy of the nation's libraries and to recommend actions that might be
taken by public and private groups to assure an effective, efficient
1libraery system for the future. The basic objective of the report is to
asslist the Commission--and, through it, other interested audiences--in
examining the applicability of technology to libraries, possible library
systems of the future, and problems of effecting & transition between the
present and the future.

In sccordunce with this basic purpose, the project tes : M1as endeavored to
present as objective and belanced & review of technology &s possible,
without either overemphasizing or minimizing its achievements or potential.

1.1.2 Scope of Regort

This report, ore of 1T prepared by various orgenizations on behalf of the
Commission, deals with the relationships between two large domains:

1ibreries and technology. The major types of libraries of concern to this
report are public 1libraries, libraries in educational institutions, and
special libraries. (For purposes of this report, state libraries are
treated together with public libraries, rather than as & special category.)
Some attention is also given to selected litrary-like information facilities.
The technology domain is ccnsidered to cover both equipment and techniques
thet presently have some impact on library systems.

Statements and predictions in this report are based on findings reported in
the litersture, on interviews, or on gpC staff studles. References are
glven wherever possible.

A special word regerding stetistics is necessary. It 1s acknowledged that
statistics concerning libraries are not wholly satisfactory. Nevertheless,
there is some agreement among 1ibrarians that the statistics are relatively
sccurate. Tae reader is cautioned to interpret any statistics offered in this
report in their relative, not absolute, sense.

Some aspects of libraries and technology are given less attention than others,
in this report, because they are the subject of other, more complete and de-
teilled commissioned reports (see Figure 1). An effort has been made to
exchange outlines, drafts and ideas with other report teams to minimize both
omlssions and unnecessary duplication.
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Figure 1.

Other Studies in Support of the Advisory Commission
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1.1.3 Structure of Report

This report includes an analysis of present and projected library service
requirements, a survey of potentislly appllcable technology, & description
of current applications and trends in the use of technology, a prediction

of future directions in library operations and services (including a dis-

cussion of the problem of plamning for transition from the present to the
future) and recommendations for ¢  sgram of action.l The appendices
deseribe three kinds of technology rslated to the library: computer
technology, procedural technology, and related equipment and materials
technology. :

A summexy of major findirzs and recommendetions 1s provided in the next
section of this chapter.

1.2 SUMMARY

1.2.1 Present and Projected Library Requirements

The purpose and general character of library services have not chenged
greatly over the past forty years. What has changed for most libraries is
the renge and volume of demend and use. The rapid and pervasive growth of
gpecialization in new subject matters, together with an increasingly large
~ad 1iterate user population, have placed severe burdens on librayries of"
all kinds. :

If the nation's libraries are ‘to keep pace with the growing pressures of
litersiure expension and service requirements, the libraries will need to
accelerate and expand some of the programs for library improvement that
gome °f ¢i-m have already underteken; and 1f the libraries are to do more
than keel. Tace--i.e., to provide better and broader service then they now
do--a muca more eggressive and integrated approach to imprcevement will be
needed.

To bring ebout & nationwide lmprovement in libraries, it will be necessary
0 think in terms of more interdependent modes of operation. It will also
be necessary to take better advantage of the developing technology.

1Recommendations are generally confined to those that can he made without
full cousideration of matters discussed in other commissioned reportes.
Some of our recommendations relating to technology in libraries may require
modificetion in the light of broader issues, requirements, and constraints
that the Commission must conslder.
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l.2.2 Technology Related to the Library

The domein of technology appliceble to the library encompasses such areas as
data processing by computers; "procedural" technologies, such as document
storage and retrievel, automated indexing and classification, machine
translation, automated abstrecting, and automated question-answering systems;
and a vartety of related equipment and materials technologlies, including
microform techniques, reprogrephy, computer-assisted publication techniques,
and materials hendling and storage devices and procedures.

1.2.2.1 Computexr Technology

The equipment with the greatest potential impect for library operatlons is
computers. Computer equipwment is currently availeble in a number of con-
figurations spenning a purchase range from $6,000 to $10,000,000. While not
adequate to meet all of the processing needs of very large libraries, it is
quite adequate for a wide range of individual library automation tasks.
Barriers that stand in the way of library epplications inelude cost, lack of
adequate library-oriented computer programs and associated procedural
methodology, too little computer memory capacity, and limitations in the
input and output equipment.

The next five to ten years are likely to see at least a tenfold reduction
in computer system costs for a given level of performence, while computer
speed and storage cepabilities will increase severalfold. = These changes
will sccelerate the library use of computers both for "housekeeping" tasks
and for assistance to bibliographic tasks.

How much and what kind of computer capability libraries should have is
impossible to determine now. Two quite different computer-support concepts
present themselves: (1) a large number of geographically remote consoles,
connected by data-transmission lines to very large, powerful, time-shared
computers; (2) individual use of separate computers of the smaller and less
expensive kind now begimning to appear. Both concepts will probebly be
adopted: time-sharing by the smaller libraries, and "private” computers
by ‘the larger, more affluent libraries.

1l.2.2.2 Procedural Technology

A number of applications of computers to processing textual material offer
promise to library operations. Many operating systems in business, industry,
and the military currently store and retrieve date from files. These operations
are similar, in some respects, to those required for the storage and retrieval
of bibliographic information, and some of the techniques developed for data

: retrievel work are applicable to types of library data that can be highly

; structured and formetted. Automatic analysis of non-formatted full text

‘ meterials is a more complex task, and, accordingly, progress in fully

! automated retrievel of textual contents lags behind that in formetted data-

he ~ling systems.
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Fully satisfactory programs for automatic indexing or subject-heading
assignment are not yet avallable; yet, some current systems provide a high
degree of automation of other retrieval functions. One system permits users
to pose requests directly to the computer system and to receive computer
assistance in identifying document representatioins meeting prescribed
criteria. Such systems are not yet within the economlic range for use by
library patrons, but could be used to nrovide assistance to library personnel.
With decreasing computer costs, more readymade programs, and better-trained
library staff, such services can eventually be extended directly to library
users, particulerly in special or experimental libraries.

g Fully automated indexing, classification, abstracting, machine translation,

i and question-answering must still be considered to be in the research or
development stage. However, substantiel assistance to library processes 1s
»ikely to come, in the very near future, from concepts of operation in which ‘
the machine serves as an aid, not & replacement, for the librarien or s
informstion specialist. Computer-aided instruction is likely to play an
important role in training library personnel for work in computer-based
systems and in helping patrons learn to use such systems.

l.2.2.3 Related Equipment éﬁd Meterials Technologies L

Microforms--previously valued for reasons of space-saving and materials
preservetion--are also used increasingly as & medium of communication.
Inexpensive microform readers are currently available. During the next

five to te. years we may expect the establishment of large-size mierofiche
collections, and significent improvements in microform technology, including
stable color microfilm, sophisticated microform-hendling equipment, direct
information transfer between microlmage and computer subsystems, and (
wltramicroform technology. The current trends of lowering costbs and b
inereasing quality will ~ontinve for copying, offset printing, and the |
printing and reading of fiche.

The advent of photocomposition--computer-controlled preparation of
reproduction masters with electro-optical techniques--is very important
because it provides libraries with the option to abandon card catalogs in
favor of book-form catalogs, up-to-date versions of which could be printed
in multiple copies to be avallable in several locations in the library.

The availebility of library materials--either text or catalog-type
informstion--in machine-readable form will provide an opportunity to explore
cther computer applications aconomlically.

Printed materials will be the primary carriers to be dealt with for some
years, and few libraries will be able to use electronic means exclusively

o menage their information. Texts will have to be stored and handled by
humans, aided, in some instances, by mechanical devices. There are some
promising materials-handling devices--conveyors, tubes, containers, lifters,
stackers, etc.--some of which can be useful in future systems where materials-
handling is largely computer comtrolled. Most of these devices appear too
expensive, at present, for widespread use.

|
L
|
f
]
:
|
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Transmission of materlals is becoming increasingly important to libraries,
particularly in relation to p ossible network cperetions. Of the several
meens for the transmission of materials, mail is currently still the most
practical. Efforts are und-r way to create working systeme that employ
advanced comunications technology to support retrieval of material from a
central store, and transmitting it to different places. Both the accuracy
and the data-transmission retes of various kinds of telecommunications
equipment can be expected to increase in the near future. It is not yet
clear whether there will be sufficient equipment compatibility to serve
the purposes of highly integrated library networks.

1.2.3 Current Applications and Trends

A aurber of libraries, primerily the larger academle libraries and special
libraries, have begun to use date processing equipment in their operations.
All of the major library functions (acquisitions, cataloging, circulation
control, serials management, reference work, etc.) are drawing attention.
The emphasis is primarily on functions related to tecknlcal processes and
circulation control, rathe than reference services.

Certain aspects of the acquisitions process lend taemselves particularly
well vo date processing, and some groups of libraries have even been ex-
Ploring the idea of cooperative or centralized processing for scme aspecths
of the acquisitlions process. :

The most popular application of technology in the eataloglng process has been
to reproduce catalog cards. Book catalogs, frequently used meny years ago

but abandoned in favor of card catalogs, are returning ‘to favor, with the help
of the computer and computer-controlled typesetting procedures. In cataloging,
as well as in scquisitions, the combination of interlibrary cocperation and
new technology oiffers great potential for the reduction of coste and wasteful
duplication of effort. The Library of Congress MARC Project, which is a
brototype of a national network for the distribution of machine-readable
catalog data, provides an example of this potential.

Data processing technology is being used for a variety of tasks asscciated
with clrculation control, aail & few institutions are beginning to work
toward the development of on-line operations that will tie a circulation
control system directly into a computer at all times. Such & system will
bring libraries a step closer to still another feasible approach, thet of
operating circulation control systems on a network basis within a region.

A number of projects are umiler way to use data processing for serials
records control. Few institutions, however, have operationel systems s and
those that exist do not perform all the necessary functions of serials
management. The project at the Library of Congress to determine what
elements of information should be put into machine-readable records for
serial titles can provide & valuable framework on which individual libraries

can bulld and through which they may eventually participate in regional or
national serials projects. . :
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In comparison with other library operations, the reference function shows
very little in the way of applicetions of technology, for most libraries.
Very few libraries have automated their information end document retrieval
functions. There are a few primitive automated data retrieval systems, bub
they are nearly all in informetion centers, not libraries.

Technologies other than data processing are being put to use. In libraries.
Microforms are being used inereasingly, but their vast potential still seems
to be untapped. Materials-handling equipment, specialized ccrmunications
equipment, storage equipment, etc., have all found some use in libraries,

but such use has largely involved the adaptation of equipment and procedures
developed for other purposes, rather then especially tailored to meet library

needs.

Meny libraries have looked to technology to reduce costs or to hold them
constant. Cost consciousness sometimes has not been extended to consilder
the effect of changes on the users of libraries: some ostensible cost
reductions may "cost" the users more than they save in time, effort, or

even money.

Technology offers a.a opportunity to provide access to and services for
non-monographic materials of all kinds as good as those that have been
furnished for printed monographs. There are also indications that use of
technology may allow new services to develop in libraries to serve certain
user groups better. Technology may also provide means of lmproving the
organization and management of librariles.

At present, only about three percent of the approximately 24,000 libraries
in the U.S. are using data processing equipment. One cen foresee that, in
the future, many more libraries will seek to use such equipment, especially
computers. Much of the effort is likely to be focused toward particular
problems in perticular libraries. Much more coordination would be desirable
to chamnel these disparate efforts into a national effort that would bring
all aspects of our techmology to bear on the problems of library operations.

1.2.4 Future Directions in Library Operations and Service

There are two different approaches toward prediction of the nature of the
livrary of the future. One approach stresses the continuation or extra-
polation of current trends. The other approach stresses what it is
theoretically possible to achieve. Both approaches are useful: the first
is uceful 'n short-range planning, because 1t tekes adequete account of the
problems of transision, and the other takes note of distant goals, which
helps to broaden the horizons of one's thinking. :
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An extrapolative view, which assumes no mejor acceleration of effort, sees
the large majority of libraries operating much as they do today, over the
next ten years. In spite of continuing improvements undertaken by libraries,;
there will probably not be any net gain in service for the majority of
individual libraries. Indeed, some deterioration of service is likely to
occur, because of the vast increases in published materials that must be
dealt with. Ilarge categories of nombook materials will continue to be
neglected, to a grear extent. Without some form of accelerated planning

and support, the maj.:. 5y of libraries are not likely to be able to
participate in or benefit from emerging network arrangements.

A conditionel view of library activities, which assumes major acceleration
of effort over the next ten years, sees libraries becoming elements of one
or more lntegrated networks. Through & connection with a network, libraries
could provide thelr staff personnel with better tools, with relief from some
Processing chores better handled through the network, and with network-
supported facilities for handling reference problems. The library's users
could also be provided with much more in the way of materials and services,
with outright distribution of certain kinds of materials replacing loans.

The avallability of nonbook materials could be increased in libraries of
all kinds and sizes across the nation.

There are a number of problems of transition from the present to the future
that are not entirely technologicel in nature. Libraries, already facing
serious staff shortages, may find it very difficult to obtaln staff with
the broad training and experience necessary in both the requirements of .
library operations and those of technology. Too, library users will need
better training in exploiting avaeilable library services and facilities.
Here, technology itself offers some promise of providing useful tools.

Standards of operafilon, as well as standards recessary for the campatibility
of bibliogrsphic data, are still lacking in the library world. As new data
files are created and. old files are converted, this problem will become more
serious. The several possible approaches to standardization need actlve
consideration, 1f the many separate and independent library organizations

are to achieve adequate cooperation and communication, using the newer
technologies.

l.2.5 A H;gm of Action

Several approaches offer themselves for the improvement of the nation's
libraries. One is to depend on the mechanisms already being used to lmprove
library operations and service, without attempting to accelerate the rate

of improvement. This approach requires no drastic change in present ac-
tivitles, concepte of service, funding, or patterms of involvement of the
Federal Gcvernment. On the other hand, most libraries would almost certainly

continue %o lose ground, in the face of increasing processing loads and
demands for service.
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A second approach would be to plan and attempt to develop o nationwide,

hignly integrated 1library system. Such an epproach would permlt certain
kinds of system-wide operations that are not likely to evolve otherwise.
It would also reduce duplication of effort by many individual libraries.
On the other hand, this approach has some VEry stringent requirements--

e.g., common, agreed-upon goals and strong "top menagement'--that might

be difficult to meet at this point in time.

The third approach--which this report recommends--focuses on more limited
goals and subsystems or networks and attempts to identify and support
selected high-impact projects. This approach recognizes the operational
independence of most of the nation's libraries while at the same time
taking edvantage of thelr willingness to participate in interdependencies
thet offer mutual benefits. The approach also has the advantage of not
precluding the undertaking of other projects and programs.

Some high-impact projects could and should be aimed at the development of
model subsystems that could later be incorporated into a more fully
integrated, nationwide system. Five such projects arxe recommended for

consideration:
. A Prototype of Regional Iibraries
An Expended, Computer-Based Netional Union Catalog

A National Bibliography

A National Referral and Loan NEtwofk

A National Library Storage and Microform Depository System

Undertaken together, these projects could lead to operational systems in
from two to four years.

While these high-impact projects are dependent on technology and while they
involve subsystems that will eventually be important in extensive, technology-
dependent national networks; they do not contribute directly to the exploi-
tation of technology by individual 1ibraries. It is recommended, therefore,
thet concurrent with the operations-oriented projects, a comprehensive program
of technology=-oriented library research, development, and education and
training be undertaken. It should encompass Hardware Specification and De-
velopment, Procedural (Software) Specification and Development, Direct
Supporting Research, and Fducation and Trainirg. Also recommended for con-
sideration, as part of this program, is establishment of a test bed for

hendling new forms of nonbook materials.

Before such activities can or should be underteken, several things must be
done. They are offered as the primary recommendations of this report.
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1. THE BASIC APPROACH OF USING HIGH-IMPACT PROJECTS,
TOGETHER WITH SUPPORTING RESZARCH, DEVELOPMENT,
AND EDUCATION AND TRAINING, SHOULD BE EXAMINED
AND, IF POSSIBLE, ENDORSED AS THE MEANS BY WHICH
LIBRARY IMPROVEMENT WILL BE SOUGHT DURING THE NEXT
FIVE TO TEN YEARS.

2. THE PARTICULAR HIGH-IMPACT PROJECTS AND RE&D .
REQUIREMENTS OUTLINED IN THIS REPORT SHOULD BE
EXAMINED BY THE COMMISSION AND BY OTHER INTERESTED
MEMBERS OF THE LIBRAKY AND INFORMATION SCIENCE
COMMUNITY, IN THE LIGHT OF OTHER ISSUES, RE-
QUIREMENTS, AND CONSTRAINTS, TO DETERMINE WHAT
PRIORITIES THESE AND OTHER POSSIBLE PROJECTS SHOULD
BE ASSIGNED AT THIS TIME.

3. FOR THOSE PROJECTS SELECTED FOR IMPLEMENTATION,
ARRANGEMENTS SHOULD BE MADE TO DEVELOP MORE DETAILED
OBJECTIVES, TOGETHER WITH PRELIMINARY COST APPRAISALS
AND IMPLEMENTATION SCHEDULES.

L. FOR THOSE PROJECTS SELECTED FOR IMPLEMENTATION,
ARRANGEMENTS SHOULD BE MADE TO IDENTIFY ALL POTENTIAL
SOURCES OF SUPPORT AND, AT THE APPROPRIATE TIME,
OBTAIN THE FUNDS NECESSARY TO CARRY OUT THE PROJECIS
AND PROGRAMS SELECTED.

5. RESPONSIBILITY FOR CARRYING OUT THE ACTIVITIES
INDICATED OR IMPLICIT IN THE FOREGOING RECOMMENDA-
TIONS SHOULD BE PLACED AT A HIGH ADMINISTPATIVE E\
1EVEL IN AN EXISTING OR NEW AGENCY OF THE FEDERAL
GOVERNMENT OR IN A PUBLIC/PRIVATE BODY CREATED
FOR THIS PURPOSE.

The last recommendation is of particular importence. The need for
assessment and planning for libraries will not diminish or disappear once
the present Commission presents its report. To insure that effective
planning and implementation continue, & permanent body is needed that can
L be responsible for: (1) keeping informed on the existing and prospective
| state of library service and operations, (2) planning for improved library -
service at both nationel and local levels, (3) developing legislative
proposals, (4) coordinating various projects affecting library servie«, and
(5) planning and coordineting financial support, from both the public and
private sectors.

| ERIC

Full Tt Provided by ERIC.
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Of the several possibilities that suggest themselves for such a permanent
body, the most attractive one involves extension of the life of the National
Advisory Commission. This would help to insure continuity of thinking and

‘planning and would teke advantage of the interest, expertise, comunication,

and working arrangements developed by the Commission. The Commission would
need to be supported by & highly capable, full-time technical staff, some cof
whose members might be drawn from the Goverrment or private sector for
extended periods of time.

Whatever the planning mechanism adopted, it 1s eritically important not to

lose momentum. A sizable and indeterminate time gap between the Commission's
work and the development and implementation of an action program could itself
foster a paralysis of planning on the part of the libraries and might lead to
yet other status surveys covering much the rame ground as the present Commlssion
has covered. While technology and the needs for library service are certainly
changing, the changes are not so rapid or erratic that they should encourage

a succession of independent assessments. The need for library lmprovement is
clear, and so is the potential contribution of advanced technology. Aggressive,

concerted, and timely action should be taken now to effect a nationwide
improvement of our libraries.

1
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2. PRESENT AND PROJECTED LIBRARY REQUIREMENTS
2.1 KINDS OF REQUIREMENTS

It is widely accepted that people have needs for library services, i.e.,
access to books, serials, reports and other library materials, and/or the

* 4nformation contained in them. Satisfying those needs imposes requirements

for the design, construction, operation, and evolution of library systems.
"Requirements," in system design terminology, are formal statements descr?! ing
functions that need to be performed to allow a specific set of objectives to
ve met.

There are several categories of library users, whose needs differ greatly
from one to another. These needs; in turn, imply several kinds of require-
ments for different kinds of library services. From the perspective of a
given library serving a given public, it is useful to distinguish three
related types of requirements:

1. Requirements for direct service to users;

2. Internal operational requirements, essential for rendering
direct service in a library;

3. External operational requirements, i.e., requirements for
interfacing with external systems of libraries and other
information-handling organizacions.

Figure 2 illustrates typical requirements for direct service to library
users, and Figure 3 lists the major internal operational requirements or
functions associated with the satisfaction of user service requirements.
Both of these kinds of requirements appear much the same as have always
pertained to library operations. This is because, at least in the U. S.,
the purpose and character of library services have not greatly changed

over the past forty years. What has changed for most libraries is the

range and volume of demand and use, including the demand for faster and more
accurate response.

Some of these needs cannot be met easily, if at all, by improvements in
internal operating techniques. Rather, they require consideration of new
and more complex forms of interlibrary dependency. Thus, increasing
attention is now being paid to the external operational requirements of
libraries. For a given library, these requirements may involve a series
of dependencies on the existence of several different kinds of networks,
e.g., of libraries, publishers, andé communications.
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1. Browsing access to library materials

2. Searching access via catalogs, indexes, and other
reference tools -

. Question-answering service

3
4, Directive service for reference or referral
5. KReading guidance

6

. Instruction in use of catalogs, indexes and other
reference tools

7. Reading, viewing and listening facilities

8. Bibliographic compilation

9. Reproduction of materials (copying facilities)
10. Loan and interlibrary loan
11. Discussion groups
12. Story telling and readings to users

13. Paging and other delivery services (e.g., bookmobiles)

Figure 2. User Service Requirements




15 November 1967 =20~

™-3732

1.

3e

Acquisition of Materials

Selection and bibliographic checking
Gifts and exchanges

Ordering and accounting

Receiving and disbursing

Transaction recordkeeping and filing

Cataloging

Bibliographic checking

Descriptive cataloging

Classification and subject cataloging
Marking and labelling

Card ordering, reproduction, and/or printing
Announcement and disseminaﬁion

Recordkeeping and filing

Storsge

Shelving and other storage medis
Preservation and protection
Locating and arranging
Retrieval and»replacement
Tnventory and recordkeeping

Management

Planning, organizing, supervising, delegating
Coordinating, reporting, budgeting

Personnel selection and training

Record keeping and statistics |

Maintenance of physical plant, facilities and equipment

Figure 3. Internal Operational Requirements
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2.2 PRESSURTS FOR LIBRARY IMPROVEMENT AND EXPANSION

Changes in demand and use have been particularly observable in the production
and use of scientific and technical documentation. Since World War II, a
dozen new technologies have emerged, and a tremendous volume of invention,
research, and discovery reported along the way. In the 1950's, thanks in
part to changes in the nature of national and international political and
econowic interdependence, the character of scholarship in the social
sciences began to change as well. There has been a shift in the character
of demsv.d and use of documents in the direction of far more comprehensive
coverage of wide-ranging subject matter. These changes, of course, have
been accompanied by a large increase in the number and variety of specialist
and general library users and in the variety, renge, and volume of documents
produced.

So pervasive have these changes been that it has become customary to speak
of the "information explosion," the "information deluge," etc., and any
report on library problems that does not take notice of this phenomenon
may be thought to be lacking in perspective. Although quotations can be
found from learned and famous men of the distent past that also bemoan the
condition of too much written material for men to cope with, it is clear
that the proliferation of publication, the fregmentation of knowledge, and
the synthesis of older fields of learning into new fields are placing
jncreasingly severe burdens on libraries. This is particularly true for the
larger research libraries. Their book budgets have needed to be enlarged

5o purchase materials from dozens of new countries as well as old; staff
personnel must be sought who can catalog publications in dozens of exotic
languages; and new research institutes have demanded specialized information
services. What seems to be clear--"information explosion" or nc--is that
really good librariec can save their users a great deal of waluable time and
effort in dealing with recorded knowledge.

Tt is important to recognize that there are hundreds of smaller libraries
around the country that have not changed perceptibly for the last 30 years.
The information explosion seems not to have had much effect on these libraries.
We must then ask the question, "Should the larger 1ibraries (most of which

are part of academic institutions) receive the major part of the national
attention, or is it also a national problem that so many smaller libraries
have not felt great impact from the continuing increase in publication?”




W ey PIPAREE N e e N
A PR TIMPOLN GG I T Vi, MR A R & LR ey

15 November 1967

2.3 PRESENT AND PROJECTED DEMAND FOR SERVICE

2.3.1 Public Libraries

v
Tt is estimated that in the year 1967 the more thanxG?OO‘public libraries®

in the United States will have circulated 430,000,000 volumes to some

55,000,000 borrowers (23). The holdings of only & small percentage of these
1ibraries are represented in the National Union Catalog or +he Union List
of Serisls. There are no comprehensive union catalogs available for any

type of library for documents, reports, and many other categories of library
materials. ’

Over the next ten years one may expsct the number of potential public library
users, i.e., those who might use a given library, to more than double, and

the character of that user population to change in the direction of a much
more literate and highly educated set of customers, whose needs and demands

on library services will be much more specialized and varied than they now
are (11). If these demands are to be met, the public libraries must implement
specific means to meet them. These libraries, as nodes in national networks,
must also develop mechanisms both for internal operation and for interfacing
with (i.e., participating in) the networks that slone can enable them to
identify, locate, and obtain all the materials that can satisfy their public's
needs.

The requirements for building and operating mechanisms capable of meeting
these service demands include the development and operation of automated
procedures for the support of acquisitions, cataloging, circulation, reference,
and managerial functions that provide for effective internal operation and
compatible commnications with other library systems and networks. These
imply, in turn, requirements for developing and maintaining standards for
operations common to libraries, and for organizing the necessary planning and
coordination. -

2.3.2 Educational Libraries

Educational libreries mey be usefully divided into elementary and secondary
schorl libraries on the one hand, and college and university libraries on
the other.

2

State libraries are public libraries in many respects, and most of this
discussion applies to them equally as well as it does to the more typical
public library of a clty or county.
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2.3.2,1 Elementary and Secondary School Libraries

Total enrollment in the United States for 1966, for kindergarten through
grade 12, has been estimated at just under 50,000,000 students (23), with
the ratic of elementary students to those in secondary schools being roughly
3 to 1. School 1ibraries typically contain small general collections of
books geared to minimm~-to-moderate levels of literacy and knowledge, a few
periodicals, sizable pamphlet collections, and other special library materials.

Although nearly all secondary schools and over 90% of the secondary school
1ibraries are served by personnel having six or more hours of formal library
seience training, the number of 1ibraries served by fully qualified librarians
is much smeller. A great proportion of the library service demands of
elementary and secondary school students continue to fall upon public libraries,
either because of the lack of s>hool libraries or the limited hours of service,
1imited size of collections, and limited capacity of personnel to meet
reference, referral, and guidance needs.

A great improvement in potential response to current student demands might

be effected, particularly in the larger metropolitan areas, if technical
processns were centraiired and adequate communications for reference, referral,
and sharing of literary resources vere organized among and between all school
districts in the area. This would require applicstions of Gata processing

end communicetions technologies as well as a reorgenization of work. Appli-
cations of these technologies would also make it possible to improve the state
of knowledge and skill of school librarians, through various kinds of on-the-
job training programs. :

Development of a library gervice that is appropriately responsive to
increasingly high standards of education will require a different kind of
access to library resources than is now availeble to most school libraries,
particularly access to library materials of many collections, and to the
knowledge and reference gkills of a range of library personnel. This, in
turn, requires going beyond the boundaries of the school system to share
library resources with many 1libraries. Too, it may require--if only for
reasons of cost--extensive use of microforms and other non-book materials,
which could help tc broaden the school livbrary's resources. Large
collections, reduced to microform and adequately cataloged, could he repro-
duced relatively inexpensively, if done in large quantity, i.e., several
thousand sets.

2.3.2.2 College and University Libraries

What has been said here concerning public libraries often applies as well to
college and university 1ibraries. Current demands for college and university
education imply requirements for library support that cen be met fully by
only a small minority of libraries in these institutions. Even these few
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libraries have had difficulty in serving their user populations adequately,
with the rapid expansion of demand in volume and variety that has occurred
over the past ten years. Another feature in common between the public and
college sectors is that, while there is a steady increase in the annual
number of volumes acquired end the number of serial titles subscribed to,
there has been a steady drop in the number of library items available per
library user (23).

As of 1967 it is estimated that there are some 7,000,000 students and faculty
in colleges and universities to be served by college libraries. New library
buildings in these institutions until recently have been constructed at the
rate of about 50 per year, but current plans call for some 1200 buildings to
be constructed by 1970 for two- and four-year colleges. In ten years one

may expect some 14,000,000 students (not counting faculty) in the institutions
and a doubling of the current volume of library materials being acquired (66).
There are additional pressures on those libraries of academic institutions
that aspire to the title "research library." Library operations to support
graduate programs, faculty research, and post-doctoral researchers are much
more difficult and costly--perhaps twice as much--than -operations to support
undergraduate teaching. All of the foregoing implies that the ability of
individual libraries to serve their customers will decline, if the current
trend continues. There is, even now, a need for making the wealth of library
materials and services concentrated in relatively few institutions available
tc the nation's library users. This can be accomplished only through the
further development and application of advanced information handling and
communication technology to individual libraries and to library networks.

2.3.3 §£ecia1 Libraries

It has been estimated that there are more than 6,000 special libraries3 in
the United States, including government, society, business, and industrial
libraries (with some overlap with university libraries). As of 1965, it
was estimated that these libraries account for expenditures of some
$189,000,000 per year, as compared with $267,000,000 for public libraries
and $229,000,N00 for college and university libraries (23). In short, there
are nearly as many special libreries as public libraries, and operational
costs are about two thirds those of public libraries.

Because of the changes in the direction of research, development, and
ancillary activities from subject-oriented work to mission-oriented work,
which cuts across traditional disciplines, the special library has found it
increasingly difficult to collect widely enough to gratify its user demands

3Specia1 libraries are considered to be those libraries that concentrate upon
highly specialized collections of materials and serve special groups, largely
of highly educated and trained specilalists in a subject area.
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and, even more importantly, to serve its potential user population. W®ven today,
me.ny special libraries have been able to satisfy their clientele only because
they are able to fall back on the resources of nearby academic libraries.

Such uee constitutes a heavy burden to more than one academic library.

The current state of copyright matters leads to a certain amount of uncertainty
in projecting requirements for library systems and networks of the future.

The present copyright law was written before there were ready means of making
copies in libraries, other than by hand or by rather cumbersome photographic
means. Over the years, as copying devices appeared that were easy to use and
relatively inexpensive, a doctrine of so-called "fair use" developed, outside
the copyright law. The doctrine of "fair use" has worked regsonably well,

but many practicing librarians are well aware of abuses in the system,
especially where copying machines are not monitored by the library itself.
Since this report addresses itself to technology, it is perhaps best to confine
our comments to observations of the effect that an increasing number of copy-
ing devices will have on the libraries of the future. Such devices will become
more common end will cost less to use, and the quality of copy will improve.
Under pending legislation, it would appear that future library systems and
networks would have to provide for contracting, accounting and compensating
mechanisms to pay owners of copyrights. No one will predict how a new
copyright law will effect such library operations as telefacsimile trans-
mission and other rapid copying methods. It seems likely, however, that

there will be at least some categories of material for which library systems
and networks will have to provide compensation to the owners of copyrights

for copying and other usage that would, without compensation, constitute

infringement.

If 1t 1s a basic objective to satisfy the needs of all library users in the
United States, present and future, a way must be found to ensure that the
needed documents are available to them. Since there is no way, a priori, to
judge the utility of documents to potential users, all potentially useful
documents must be sought. 1he basic considerations for a system with this
capability are: :
1. The networks must be so constituted as to ensure that there

exists -within the United States at least one accessible copy

of the published documents produced in the world--past, present,

and future.
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2. The library systems and networks must provide appropriate
mechanisms for ascquiring, announcing, processing, searching

and meking accessible the library holdings of the nation to
library users throughout the country.

3« The library systems and networks must provide for contracting,
accounting, and compensating mechanisms to pay the owners of
copyrights for copying and other usages that would, without
compensation, constitute infringement of copyrights.

It is recognized that the goal stated in the first consideration can only be
approximated, because it certainly cannot be known what documents exist at
any point in time. The notion of "accessible” implies further techniques to
ensure that the existence of documents be widely ¥mown and the documents '
themselves, or facsimiles thereof, made availeble to users throughout the
country in an economic and timely fashion.

The second consideration implies a great expansion in the creation, timely
updating, and dissemination of union catalogs, union lists, special bibio-
graphies and indexes to library collections. It also implies a great increase
in the avallability of document facsimiles via microform, machine-readable
files, or other reproduction facilities. Copying, in turn, implies & need to
deal effectively with holders of copyrights. -

It is true that many of the pioneering efforts in automation of library
processes have occurred in special libraries and that many of the most

highly automated libraries are in this category. These, however, constitute

a very small minority of special libraries. As with projJections for public

and educational libraries, the increase in the volume and variety of materials,
as well as the trend to more specialized use of materials, indicates that if
current trends in library development and practice are continued without
acceleration and without a concomitant development of viable national networks,
special library users of the future will not be served as well as they are today.

2.4 IMPLICATIONS FOR INTEGRATED LIBRARY SYSTEMS

The foregoing discussion of present and projected demands for library sexrvice
points to two primary conclusions: (1) if the nation's libraries are to
keep pece with the growing pressures of literature expansion and service
requirements, the libraries will need to accelerate and expand some of the
programs for library improvement that some of them have already undertaken;
and (2) if the libraries are to do more than keep pace, i.e., to provide
betier and broader service than they now do,& much more extensive and
integrated approach to improvement will be needed.

The external requirements for all the libraries, taken together, point to the
need to develop networks, construed here as functional dependencies whose
mechanisms provide for the transfer of messages and/or material within and
between library systems and subsystems. In order to plan for and operate such
networks, there must be agreement among the participants on certain desiderata
of library services.
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It appears very unlikely that the operational requirements implied by the fore-
going desiderata can be met by the techniques in current use. More extensive
application of advanced technology will certainly be required. There will
also need to be a shift toward more interdependent modes of operations. If

the transition from current practice toward more automated and interdependent
operations is to be an orderly one, there will probably need to be an organized
body or agency that exercises responsibility for planning and coordinating such
transition and for seeing that the network operations are economical and effec-
tive in meeting the nation's requirements for library service. Without such
coordination, wholyy effective network operations will not come into being.
(This problem is discussed in Section 6: A Program of Action.)

In discussing requirements, it is important to keep in mind that many of
socliety's requirements are "ereated," rather than "pre-existing.” Thus,
current accepted requirements for such things as telephone service, air
transportation and computer support stem, at least in part, from the very
availebility of the services involved. 1In the seme sense, "requirements”
for library service should not be thought of as entirely pre-existing and
stable. The availability of better library service will necessarily reinforce
and intensify the demends for higher standards in the nation's libraries.
The important implication from this is that the requirements and desiderata
for improved library service should not be too narrowly conceived or too
closely tied to present limitatioms, lest the system or systems developed to
meet them become obsolete almost as soon as they are completed.
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3. TECHNOLOGY RELATED 70 THE LIBRARY

The domain of technology related to the library is wide, encompassing not
only data processing--perhaps the most obvious kind of technology--but also
computer-assisted publication techniques, materials handling and storage
devices, microform techniques, and reprographic devices. It also includes

a variety of -"procedural" technologies such as document storage and retrieval,
automated indexing and classification, machine tramnslation, automated
abstracting and automated question-answering systems.

This section of the report briefly reviews some of “the more important tech-
nologies that are having, or are likely to have, an impact on library systems
of the future. The same topics are covered in greater detail in the three
appendices to this report.

3.1 COMPUTER TECHNOLOGY

3.1.1 Introduction

Of all equipment represented by modern technology, the kind with the greatest
potential impact for library operations in the next five to ten years is
electronic data processing equipment, specifically, computers. These devices,
together with assoclated equipment and procedures, offer the capability for
relieving some of the serious technical processing problems of library systems

and, eventually, for upgrading the range and quality of reference and retrieval
service.

¢
There is a wide range of computer equipment currently available, wiuh various
configurations spanning a purchase range from $6,000 to $10,000,000. These
configurations can be thought of as consisting of five components:

Central Processing Units (CPU)
Main Memories

Mass Memories

Peripheral (Input/Output) Devices
Terminal Devices

3.1.2 Status of ngguter Components

Most Central Processing Units have been built for problems of scientific
computation or business data processing, rather then for problems of library
automation. Nevertheless, these units are more than adequate to handle most
of the problems of libreary date processing. The barriers that stand in the
way of library sutomation are not technical inadequacy of the CPU, but price,
lack of adequate software, too little peripheral memory capacity, or limita-
tions in the input/output equipment.
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Main memories--internal storage.-are generally of adequate size to handle
library problems, and their cost has decreased considerably in the past 15
years, from $1 to 25¢ per bit. Bulk storage devices have greater capacity
and lower cost than main memory, and provide external storage for large
quentitites of data that are read into the computer through the internal
storage device. Magnetic tape has been widely used as a mass storage device
but is being replaced by faster-access devices, such as drums and discs, and
research is underway on even more sophisticated devices, as well as on
"eontent-addressable" memories, all of which could see wide use in lidbraries.
Yet, because of its versetility, magnetic tape will probably be the main mass-
storage device in the automated library of the near future. A typical 2400~
foot tape can hold the equivalent of over one million English words, and the
present cost of tape for tape storage is only about .015¢ a word. Drums
require less access time than tapes, though they also have a smaller capacity
(up to 333,000 words) and cost is around 3¢ a word. A disadvantage is

that the drum cannot be removed from the computer. About the same cost per
word is estimated for disc storage, which has the advantage of now being
availeble in a disc pack, thus giving non-serial accessibility of the disc,
The disc pack will prcbably be used heavily for any changing data required in
library operations.

Developments in optical storage techniques, such &s the "photoscopic disc,"
continue to be promising. Such techniques, introduced several years ago; &re
expected to provide capacities of billions of words, at about .03¢ a word, and
to permit updating of information by a photocopying operation. This will

be relatively slow but mey be well-suited to fairly stable sets of library
information such as dictionaries or authority files. And library retrieval
will benefit greatly if economical associative memories are developed--
memories in which retrieval. will be based on coincidence of part of an input
pattern with part of the stored reference pattern.

Input/output (I/0) equipment available includes cards, tapes, and the new
scanning equipment. Cards are still the most widely used for input; they
allow chenges in a program tc be made easily, but are slow, and limited to
one type font. Paper tape is increasingly used for input, because it trans-
mits rapidly, but not for output, vecause there it is slow, difficult to
search, and fregile. Magnetic tape is less fragile and can be used in high-
speed typesetting. Optical readers scan pages of text and write it out onto
tape or card or directly into the main memory. Progress is being made in the
development of these optical devices, and they hold great promise for use in
1ibreries of the future. Some can read a variety of fonts, and they will
probably see heavy use as & substitute for a keypunch to handle the high
volume of data in a library.

Terminal devices are used for man-machine interaction in "real time," and
fall into two classes: the relatively inexpensive typewriter-like device,
and the more expensive, sophisticated console with a cathode ray tube. They
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mey be connected to a computer either by leased-line or by economical dial-
up service.

The most commonly used terminals are keyboard devices, like typewriters,
which are connected to telephone lines by a device called a modem (modulator-

.demodulator) or an sudiocoupler. Pushbutton touch-tone telephones are also

being used for input of data to a computer. A Model 33 teletype costs only
about $470, requires little treining in its operation, and cen be located
thousands of miles from & computer.

Cathode ray tubes (CRTs) range from something that resembles a li-inch
television set with keyboard, to the lerge, sophisticated device that has
grephic capabilities, & light pen that triggers displayed data or allows

the user to write on the screen, and & number of other features. Both types
of console are used at or near the computer; microwave links or video cables
will probably be required before remote use is possible.

Other types of I/0 equipment include a new device called an audio response

unit, and a set of equipment that perwits converting pictures to digital data
and trensmitting them to the computer, and the reverse.

3.1.3 Future Developments and Comgpter Uses

Not all of the needs of very large libraries could be met with the equipment
described above, which still features capacities and speeds that would be
inadequate for some sophisticated automation efforts involving massive amounts
of data. Yet, most library automation tasks could be accommodated on the
modern computers, and projected cost reduction and technological innovations
(e.g., in optical readers) promise substantial use of automation in future
libraries. In other words, there exists a wide range of computer systems and
components that may be appiied to library information processing.

The next five to ten years are likely to see at least a tenfold increase in
computer capabilities, measured in speed and amount of data stored and processed.
For & glven level of performance, computer system costs are likely to be only
about one tenth of what they are today. These predictions do not depend on the
assumption of spectacular technical breakthroughs.

In addition, more equipment specifically designed for handling textual data
will probably be developed, for example, CPUs for list processing programming
languages, or associative memories that increase the facility with which
computers can handle information-retrieval type work. As the cost of computer
circuits continues to decrease, and as production levels increase, it may
still be more economical to use general-purpose computers of standard design
than special-purpose computers. :

Perhaps the most significant development for libraries will be che advent of
very large memories, There is every reason to expect that one of the many
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forms of large memories--whether it be photograpuic, laser-writ:en, or of
electronic beam technology--will be able to handle files of at least 10

pits (333 billion words). The edvent of such files will provide the stimulus
necessary to develop the software required to handle large files. If break-
throughs are necessary anywhere, it is in this area of software. Many expen-
sive systems with sophisticated hardware are still operating as though they
were faster versions of punched card systems.

In 1ine with other cost reductions, consoles should become much less expen=-
sive. In principle, the console should not cost much more than a television
,screen and a keyboard. The advent of the smell, powerful, and inexpensive
computer will allow much of the circuitry presently housed in todey's sxpen-
sive consoles to be transferred to an intermediate computer.

Computers mey be used in the library in two ways: for clerical tasks (e.ge;
some portions of acquisitions, cataloging, circulation, and serials menage-
ment) which will free 1ibrarians for other professional functions; and to
provide added capability in performing bibliographic tasks. This added
capebility, in turn, breaks down into two different cetegories. First,
bibliographic material will be processed SO that it can be more easily
retrieved, as needed, by library or user personnel. Thus, it might include
such sctivities as automatic indexing, automatic classification, and perhaps
autometic abstracting. Second, the library user will be given tools for
interacting "directly" with the information store and searching it for docu-
ments and data of interest.

Hew much and what kind of computer capability 1ibraries should have is impossi-
ble to determine now, perticularly since two quite different computer-support
concepts present themselves. One concept involves @ large number of geographic-~
ally remote consoles, connected by data-transmission lines to very large,
powerful, time-shared computers. The other concept is that of using the

small and inexpensive (but powerful) computers that are now beginning to

appear. This school of thought forecasts that computers that would have

sold for close to a million dollars in the past will--in the next few years--

be svailable for only $25,000.

Both concepts will probably be adopted: time-sharing, by libraries that
cannot afford a $25,000 piece of equipment; and the use ofa small but powerful
computer by a more affluent group. Time-shering will probably also be part
of the really giant computers that will be used by very large and affluent
orgenizations. From & 1ibrary point of view, one might expect to see small
privete computers in the medium-to-large libraries; large time-shared com-
puters in information systems within the Federal Government; and large time-
shared computers, with inexpensive consoles, serving a large number of
libraries (the computer utility scheme mentioned ebove).
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. 3.2 PROCEDURAL TECHNOLOGY

3.2.1 Introduction

There are a number of applications of computers to textual material that
. either provide current capability or offer promise of support to library
operations. - These include document storage and retrievel, automated classi-
fication, automa.ed indexing, machine translation and automated abstracting,
and automated question-answering systems. A great deal of research and

/ . development work has been carried out on these techniques, and in some of
them there has been substantial progress. A number of library-relevant
techniques ere available for use. (See Appendix B for greater detail.)

3.2.2 Storage snd Retrieval Systems

+ Many systems are in operation, in business, industry, and military operations,
for the storage and retrieval of date from very large files. Although these
systems were not developed primarily with books in mind, the techniques used
are similar, in many respects, to those required for the storage and retrieval
of text. Current work in data systems centers not so muck on the technical
feasibility of large "data base" operations as on the relative efficiency of
verious file orgenization and search techniques. The principles, techniques,
end programs developed for date retrieval work are appliceble to those kinds
of library data that can be highly structured and formatted, e.g., authority
files.

Document retrieval systems--i.e., systems for aandling textual information--
presently lag far behind data-handling systems in the application of data
processing techrigues. Most of these systems require that humens analyze
materiesl entering the system and prepare representations of it for computer
i storage. Some kinds of automatic indexing that are both technically and
econcmicelly feasible--for example, permuted indexes of titles--have not
yet proved adequate to meet the search needs in most document storage and
retrieval systems. Given the need for humen indexing, however, some current
systems provide a high degree of automation thereafter. One system operated
< under the auspices of the Federal Government permits a large number of users,
4 at widely dispersed locations, to pose requests directly and simultaneously
) to the computer system and to receive computer assistance in identifying
document representations meeting prescribed criteria. Such systems are not
yet within the econanic range for use by library patroms, but they could be
used in connection with various kinds of <pecial files to provide assistance
to either technical processes or reference personnel. With decreasing
* computer costs, more ready-made programs, and better-trained library staff,
B such services are well within reach of exteasion directly to library users,
particularly in some kinds of special and educational libraries.

: In the next five to ten years, we may expect to see the development and appli-
e cetion of acceptebly efficient computer aids to humen indexing and classification,
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using machine-readeble inputs that are provided by optical readers or that
are by-products of publicetion. Techniques of file organization and search,
currently lagging behind equipment technology, will probebly keep up reason-
ably well with the increasing demands placed on them by the very large files
that new equipment techniques are providing. Too, the present somewhat
embryonic techniques for direct interaction with the file--already accepted
in the intelligence community end increasingly mentioned in "libraries of

the future" discussions--can be expected to become reiatively commonplace

in research-type libraries that can afford some degree of computer assistance.

’Although meny technical problems must be overcome to make substantial inprove-
ments in document storage and retrieval technigues, cost may be a more serious
problem. The widespread applicability of document storage and retrieval
techniques is heavily dependent on success in providing cheaper and more {
powerful computer equipment. |

3.2.3 Component Tecanigues

Most of the specialized techniques associated with document storage and
retrieval--automated indexing, classification and abstracting; machine
translation; and question-answering--must still be considered in the develop-
mental stsze. Within some of these arees, however, sufficient progress has
been made tc provide potentially effective tools for library use. The status
and prospects in each area are summarized below.

3.2.5.1 Automated Classification

Thus far, studies have shown that computers cen be used to generate classi-
fication categories that look "reasoneble" and that one can achieve a moderate
amount of agreement between human and computer sorting of documents into
prescribed categories., Nevertheless, there are no fully automated systems
avallable yet, and the relative merite of automated classificaticn are yet

to be demonstrated.

The need for computer assistance to classification will undoubtedly continue
to grow as collections grow and as more materials become &vailable in machine-
readable form. Yet, because of the fairly slow rate of progress in classi-
fication research, the most likely spplications of automated classification
in the near future are likely to be for sensitizing machine-based systems
periodically to changes in the character of the collection. By 1975 we may
expect to see more extensive applications of autcmated classification, for
example, to "suggest" essigmments tc the human classifiers. This kind of
joint, man-machine document assignment has considerable promise.
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3¢263.2 Automated Indexing

The term "automated indexing" refers to a variety of computer-based procedures,
varying in complexity and potential utility to libraries. The simplest kind,
which produces permuted indexes, has found widespread use, though more in

. connection with technical information systems than with libraries. On the

other hand, the automatic selection or assignmment of index terms from text,
originally viewed with optimism some year ago, is increasingly recognized

to be a difficult challenge. Fully automatic, high-quality indexing does

not yet appear to be within reach, a fact which has led to increasing interest
in computer-aided indexing, i.e., man-machine cooperation. Capability to
provide a number of useful aids to human indexing is already well within the
state of the art. Exploitstion of this capability will depend on evidence
regarding its likely economic value.

Within three to five years, one may expect to see widespread use of computer
aids to indexing in most information facilities that have access to a computer.
One mey also expect to see, in many systems using text that is already in
machine-readable form, index terms directly "suggested" through computer
analysis of text. The quality of present-day automatic index term extraction

does not appear to compete with the best human indexing, nor does it seem
likely to do so in the near future. Nevertheless, expected advancements

in the understanding of language and of human indexing itself seem very
likely to support a gradual increase in the acceptability of computer-selected
index terms.

3.2.3.3 Machine Translation and Automated Abstracting

Both machine translation and automated abstracting involve processing of the
full text of documents and the use of statistical, sy:tactic and semantic tools
to effect a conversion of the parent document into some other form--in one
case a translated version and in the other, a condensed representation of it.
Although work in both these areas started out optimistically several years
ago, the anslysis of language han proved to be much more difficult and ccmplex
than wes anticipated. Thus there is virtually no present applicability of
either technique to libraries, except in a few special circumstances where
there is ready availability of a machine-readsble record and a willingness

to use abstracts and translations as indicators of important information,
rather than as conveyors of substantive information.

The future of both these areas is highly problematical, since improvements
are very dependent upon jrogress in other more fundamental parts of language
processing. Since, too, author-produced abstracts are iacreesingly being
requested for submission with reports and articles, the need for automated
abstracting, at least, may be diminishing. Given these consid¢eratilons,
there seems little likelihood that the use of these techniques will become
attractive to most libraries.
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3.2.3.4 Question-Answering Systems

Question-ansvering systems provide a rather direct analogy to the reference
situation in which the user is provided with or directed to specific data.
Automated question-answering systems may be considered an accomplished fact,
if one is dealing with highly structured date and if the questions asked can
be confined to & simple and prescribed format. On the other hand, the
answering of "free languege" inquiries against a file containing text is much
more difficult, particularly if one expects to receive a well-formulated
answer. Even today, however, guestion-answering systems could prove to be
/valuable tc reference librarians (rather than users). They are cognizant

of the file and could be trained to use acceptable question formats. The
difficult problem is in deciding what kinds of reference materials would

be worth the cost and effort to store and query in this fashion.

Although completely eutomated question-answering is meny years away, we are
very likely to see, in the next several years, some level of question-
answering capebility in a aumber of reference facilities, particularly large
ones with special missions (e.g., intelligence) or those that are part of a
network and can share not only computer costs but reference material.

3.2.3.5 Computer-Aided Instruction

Computer-aided instruction (CAI) techniques, originally developed in an
educational context, are now being seen as having & broader applicability.
They offer considerable promise to libraries and information centers, both
in the training of new library personnel and in providing service to users.
The addition of an instructional element to an automated system--or to )
conventional systems, for that matter--can help library patrons learn how '
to use the particular library's resources or how to conduct some kinds of (
reference searches. The advanced study carrels being developed by some ;
colleges, as part of the "library college" concept, may be the forerumners |
of new self-help ideas.

CAI techniques are not yet widely applicable in libraries because computers
themselves are not widely used; too, no instructional materials have been
prepared, either for the library staff or for users. With the increasing
use of computers in libraries, however, and with the rapid progress being
made in CAI, we are likely to see within a few years & number of CAI-type
programs developed in connection with most operational programs for support
to technical processes in libraries.

3.3 RELATED EQUIPMENT AND MATERIALS TECHNOLGG:

Another group of technologies that is particularly importent for libraries
includes microform technology, reprography, sdvanced publication techniques,
physical handling and storage devices, and informetion transmission facilities.
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Microfilm--previcusly considered valuable for space-saving and materials
preservation--is seeing increasing use as a medium of communicetions, as
the Federal Government and others begin to view libraries as distributors
of information, rather than merely circulators. Inexpensive (under $100)
microform readers that could be installed in one's office are currently
. available, and during the next five to ten years one may expect to see a
number of efforts to establish large-size microfiche libraries that provide
their users with either fiche or hard copy. As an example of the cost
savings in microfilming, a $3.00 hardbound document can, when put on micro-
fiche, be sold for only 65¢. We may expect to see many significent improve-
ments in microform technologi during the next ten-years. This will include
stable color microfilm, more sophisticated microform-hendling equipment,

and equipment for direct informetion transfer between microimage and computer
subsystems.

Ultramicroform technology is now being developed that uses reductions of
150 or 200 to 1, rather than the usual ratio of 19 to 1, putting much more
information on & single sheet. This ultrareduction allows for very inexpen-
sive reproduction for a great number of copies, and has led to a proposal
to create a thousand libraries of one million books in ultramicroform.

Reprography=--reproduction by printing or copying--is of vital concern to
libraries. With improvement of copying techniques, copying is competitive
with offset printing techniques in cost and quality. Present reprograpkic
vechniques are efficient, rapid, inexpensive, and produce high quality,
though costs and techniques vary widely (see Appendix C).

In the next few years, it is clear that the cost of copying will continue
to drop, that offset printing will improve in quaiity, and that fiche
reader-printers will improve in quality and cost less. There will also

be increasing use of rcolor. Electrostatic printers will use fiche as the
source document, and progress will also be seen in printing from optical
storage devices, magnetic tape or holographic devices, and ultramicrofiche.

Graphic material will also see an increasing amount of production under
camputer control.

The advent of photocomposition--computer-controlled preparation of reproduc-
tion masters with electro-optical techniques--is very important for the
library. It provides & means for some libraries to abandon card catalogs

in favor of book-form catalogs, up-to-date versions of which could be printed
in multiple copiles to be available in several locations in the library.

Quite apart from the printing aspects of photocomposition, the availability
of library materials--text or catelog-type information--in machine-readable
form provides an opportunity to explore other computer applications economi-
cally. ‘

With respect to physical handling and storage, it seems cleaxr that printed
materials will continue to be the primary carriers to be dealt with for some
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years, and that few libraries will be able to use electronic means exclu-
sively to manage their informastion. The carriers will have to be stored
and handled by humans, aided, in some instances, by mechanical devices.
There are some promising materials-handling devices--conveyors, tubes,
containers, lifters, stackers, etc.-—some of which can be useful in future
systems where materials~handling is largely computer controlled. Most of j
these devices appear too expensive, at present, for widespread use.

Microfilm, magnetic tape, and magnetic discs pose less of a storage problem
than books, though more sophisticated microfilm-handling devices will be
needed, especially to support rapid and direct transfer between microimage
and computer subsystems.

Y

Transmission of materials is becoming an increasingly important area of
interest to libraries, particularly in relation to possible network oper-
ations. The options include the U.S. mail, or a variety of electronic means
such as television or facsimile transmission. The controlling factors in

the selection of the transmitting and receiving equipment include the material
to be transmitted, the quality of transmission desired, the available inter-
connections between transmitting and receiving equipment, and the cost of

the interconnections. Current interconnecting links are standard telephone
circuits, private telephone voice lines, video circuits, and microwave relay.

Of the several means for the transmission of materials, mail is still the
most practical. Fiche have the lowest mailing rates per page (five fiche
for 5¢, in contrast with books, at about 10¢ apiece). Video equipment—
though it too provides low per-page costs, requires a high capital invest-
ment. '

Efforts are underway to create working systems that employ advenced communi-
cations technology to support retrieval of material from & central store, ;
trensmitting it to a different place, and viewing it there. 1In such systems |
1libraries would have remote consoles with video displays; there would be

video communication links between local and regional libraries. Thus, any
document within the region could be viewed from any place in the region.

In general, it is expected that both the accuracy and the data-transmission
rates of various kinds of telecommunications equipment will increase in the
near future (25). Communications satellites, which are currently in a develop- |
ment and testing phase, can also be expected to have same potential as a |
medium for transferring documentary informetion. What is not yet clear is f
whether there will be sufficient integration of the various kinds of trans-

mission medis and networks to serve the purposes of a more highly integrated

library network.

In the next few years, communication among libraries may get a big boost
from developments now underway in laser technology. The advent of laser
technology promises & tremendous increase in what has been thought of as an
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already overcrowded communication capacity. Laser beams provide a wireless
straight cable, on which it seems possible to impose signals. These signals
can be carried along the surface of the earth or by repeat transmission from
satellites. Though the results of laser research have been exciting and
promising, the work is still experimental, and the techniques are not yet

- useful for libraries.

The other aspect of leser technology that may be important to the library
of the future is holography, which hes several possible uses in libraries,
e.g., for storing multiple images on one photographic plate, or for storing
color pictures of three-dimensional objects. This, too, is a technique
whose perfection is still far in the future.




15 November 1967 -39- ™-3732

L. CURRENT APPLICATIONS AWD TRENDS

Skl INTRODUCTION

According to a recent survey (35), 1130 of the approximately 24,000 libraries
in the United States either have, or plan to have within two years, some
aspect of their operations performed by date processing equipment. Of this
number, only 638 actually have some operational mechanized process; the others
only hed plans for mechanization. The majority of the 1130 were libraries
having over 50,000 volumes.

Fimure 4, based on figures from the survey, gives some rough indications of
how data processing is being applied. All of the major library functions are
drawing attention, although the emphasis is primarily on functions related to
technical processes requirements. For libraries that are currently using
data processing cquipment, the function that has received the most attention
(209 libraries) is probably that of serials management. The accounting
function of the acquisitions process is also very popular, and logically so,
since libraries are typically part of larger organizations whose functions in
the accounting area may have been automated for some time. For other acqui-
sitions functicns, such as the production of purchase orders and accessions
lists, the majority of libraries presently using data processing equipment
for these functions use electric accounting machinery, rather than electronic
computers.

Circulation control is also a popular mechanized function, and 165 institutions
are using data processing equipment for circulation control. Data processing
equipment is algo being used for the reference function, i.e., document
retrieval; this was found in 131 installatioms, 76 of which were special
libraries in industrisl organizations. No public libraries, and only 18
colleges and universities,were undertaking this type of activity.

The following sections briefly describe major operations within libraries and
review current applications of technology to these operations. Since specific
procedures vary widely, even within libraries of the same size and type, the
operational procedures described must be understood to be typical ones.

Professicnal librarians and others who are already familiar with library
operations may wish to skip the "Description" section for each function and
read only the "Applications of Technology" sections.

I'While there is some question whether the figures reported in the survey are
entirely accurate, there can be little doubt that only a small percentage of
the livraries in the country are actually using or working toward data
processing technology.
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Function Total

Acquisitions Functions¥*

Acquisitions 1Q2
Accessions lists 170
Accounting 235%%

Cataloging Functions

Catalog cards 101
Book-form catalogs 125
KWIC indexes _ 135
Circulation Control 165
Serials Control 209
Union Lists 133
Reference Functions T 131

*It is not possible to add sub-groups together, since some
libraries are represented in each, e.g., a library may -
produce all three: catalog cards, book catalogs. and KWIC
indexes.

¥An unknown number of libraries have payroll operations
included in this function.

Figure 4, Number of Libraries (35,69) in the U.S. Using Some
Form of Data Processing Equipment, as of October
1966 (Selected Functions)




15 November 1967 41-

4.2 ACQUISITIONS FUNCTION

- Description

A logical starting point in discussing library operations is that of acqui-
sitions, since materials must be selected and acquired before they can be
used. The book trade is very specialized, and typical library practice is to
carry out the purchesing funct.ons within a specialized library department,
rather than to use a purchasing department of the parent organization.

Cdntemporary U. S. publications from the 1arger trade and textbook publishers
can be obtained anywhere in the country with a minimum of difficulty. The
only problems likely to be encountered by a library dealing solely with such
materials lie within the strictly clerical operations of handling the paper-
work involved in the ordering process, and service from some publishers is
likely tc be slow. Sometimes legal requirements of the parent organization
add to the delay.

Research libraries, academic libraries, and some public and special libraries
purchase materials in foreign languages, and/or printed in every country of
the world.

The acquisitions process is complicated by the fact that not all countries
have g well-established book trade. For this reason, the Library of Congress,
under recent legislation expanding the importation of foreign materials into
the country, has found it necessary to establish and man field stations in
certain countries. '

Some libraries have additional problems with out-of-print materlials--items
that are rare, old, fragile, etc., and in exotic languages. Libraries are
forced frequently to deal with particular vendors whose special requirements
require some kind of special paperwork, or prepayment, which, under the rules
of the particular library, may be very difficult to make and cause a great
deal of extra effort. All of these factors have a bearing on the way that
technoleogy and automation may or may not be applicable.

Other types of acquisitions present special problems. For example, some
libraries receive Federal, state, or local government publications automati-
cally as designated depositories, while some acquire foreign government
documents or the voluminous publications of the United Nations and its
agencies. Depository libraries must claim materials that are due them, but
are not received, for one reason or another, and must maintain records, even
though there is no financial matter at stsake.
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Despite recent improvements in the distribution of government documents,
there are still large numbers of documents produced by various Federal agencies
that do not find their way into the normal distribution channels through the
U. S. Government Printing Office. For many of these documents it is not
possible to achieve regular distribution and receipt by a particular library.
Thus, a great deal of effort must be expended to discover and acquire such
materials.

]
. The acquisitions department also handles non-book materials, for example,
maps, phonograph records, tapes, slides, motion pictures, and microform
versions of various standard publications. These all have special problems
of acquisition.

A specialized aspect of acquisitions is the gift and exchange operations
carried on by many libraries. Many gifts come to the libraries in poor
physical condition and without a listing of the items included. To check
such materials in order to determine which items to retain is very time=~
consuming, and unless the gift is a particularly valuable one, it is probably
more costly to the library, in the long run, to accept such materials than

it would be to buy the relatively few items that it really wants.

The most critical problem connected with receiving large gift collections
without a catalog is that the library must invest the time to prodi.ce a
catalog of the collection if it wishes to derive any benefit from the gift.
This is both a clerical and a professional operation, and is discussed in
more detail under "Cataloging Functions" (Section 4.3).

Exchange is perhaps more peculiar to academic or certain governmental libraries
than it is to most public or special libraries. Agreements for the exchange
of materials free of charge conserve the book funds of the institution and,
more importantly, they are the only way that some materials can be -obtained

at all from some foreign countries. Fcr example, several U. S. acadsamle
institutions have been able to establish exchange agreements with academic
institutions in Red China, and are thus able to acquire materials that cannot
be easily obtained in any other manner. The same is true for the Soviet Union
and certain other nations. Such agreements, however, require diplomacy on

the part of the exchange librarian, and maintenance of accurate and timely
records of the exchanges, even though the volume of material received by
exchange is generally small. There are a few libraries in the country (such
as th~ Library of Congress) that have a very large exchauge program.

Certain libraries also use "blanket orders," a scheme for ordering, on
approval, all materials published ¢n a particular subject. Where the volume

of materials received is large, these agreements with book vendors or
publishers may involve considerable record keeping, as well as very complicated
financial arrangements with accounting departments; but the resulting speed of
delivery and ease of selection arz worth the additional paperwork, if any.
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The final area of acquisitions to be discussed here is that of continuations,
which can be defined as all materials outside of the one-time orders that
‘bring in a complete item. They include serials, series, terminal sets, works
issued in fascicules, anything issued in some numbered or ordered sequerice,
and other "extended procurement.” Regularity of issue is not a factor.

Serials are a form of continuation that are issued more or less periodically
without a Gefinite cutoff date. This contrasts with monographic series,
which have no definite ending point, but which do have a predictable end
(e.r., the collected works of a given author, now deceased).

7/
Serials have a 'mique aspect that causes them to be handled, in most libraries,
as a separate operation. For a given serial title, an order once placed
will result in the receipt of issuew of that serial for years into the future,
for most serials are published with the expectation that they will continue
indefinitely.

The operational problem with continuations of any sort is not so much the

placing of the original order but the maintenance of the records necessary to

keep track of the continuing delivery of the items. Such continuations may

extend over many years and over the employment period of several individuals.
Serisls are discussed in more detail in Section 3.6,"Serials Management Functions.”

A useful starting point for describing the operation of a typical acquisitions
section is the one at which requests are received. The library first searches
to see whether the material is already owned by the library, has been ordered,
or is being processed in the cataloging section. After this preliminary check
is made, if the Yibrary decides to order the material, enough additional infor-
mation about the item to establish a correct entry is sought, and an order is
prepared and sent to a vendor or to the publisher. A record is kept of this
order, notices are sent to any interested parties or departments, and a
particular departmental book fund may be charged. When the item is received,
copies of the order are pulled from the outstanding order file and other files,
and ‘the book then moves into the cataloging process. Part of the acquisitions
function may be the ordering of Library of Congress cards. Sometimes that
function is carried out by the cataloging section. They receive a copy of the
purchase order and, in ‘turn, send a card order to the Library of Congress or
to some other card service.

h.2.2 Applications of Technology

Certain aspects of the acquisitions process lend themselves particularly well
to automation or to the use of other forms of technology. For example, the
production of orders to vendors is very similar to the production of orders in
any purchasing activity, and computers can do this very readily. The main-
tenance of purchasing records and the charging of funds against particular
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budgets are other activities that have been successfully mechanized in the
business world and that are being mechanized in some libraries.

As indicated in Figure 1, there were 102 libraries actually using some form
of datae processing in their acquisitions process, as of Getober 1966. A
recent survey (35) reported that 419 institutions had plans for use of data
processing in acquisitions, and that of these 419, 139 planned to begin such
use by the end of 1968. These projects in acquisitions are endeavoring to do
one or more of the following: (1) order library materials; (2) maintain

. financial records; (3) collect and record statistics on the order process;
and (U4) print lists in various arrangements of materials in process.

Financial reports may be arranged in & variety of ways, for example, on the
basis of materials ordered, by fund, by subject categories that are not
represented by funds, by accumulation of items ordered from particular

vendors, by standing orders, etc. It is sometimes useful to know how many

items have been ordered from particular vendors over a period of time, the
amounts spent with these vendors, the discounts received, how rapidly particular
vendors have responded to orders over a period »f time, total number of orders
placed within a particular calendar period, etc.

ILists of materials in process are useful for & number of purposes, especially
vhen items on order can be entered and located in a variety of ways. The
typical method in the past has been to enter under a selected entry in an
order file with no cross-references. This makes it exceedingly difficult, if
one does not have precise information, to discover materials actually on order.
Using lists that can be arranged in various manners, on-order and in-process
materials can be controlled throughout the time from receipt of requ:st within
the division, mailing of the order to a vendor, receipt of the order, and
cataloging, to the time they are ready for use.

While there are some automated acquisitions systems operating, we know of none
that includes all of the possible products or operations listed above. A few
instituiions have either planned or are implementing systems that are as
"aommlete" in concept as one could currently hope for. References 27, 76,

and 107 describe several of the limited number of complete systems; none of
these is operational yet.

Aside from the use of date processing equipment, end in some cases the use of
related accounting machinery or bookkeeping me~hines, libraries have done little
experimentation with available technologies. Very few libraries utilize
materinis-handling equipment, such as dumb waiters, conveyor belts, etc., in

the acquisitions area. Some libraries have experimented with communications
devices such as Deskfax, direct photocopying devices such as the Photoclerk,
edge-notched cards, and automatic typewriters. In general, though the area
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of materials-handling and the use of photography in processing have not been
given as much attention as "automation." While photography may not hold as
‘much long-range potential, either for the reduction of costs or improvement
of output, it is an area that is not receiving the research and development
attention it deserves.

Since the acquisitions procedure seems to be so similar in libraries of
comparable size and type, a number of cooperative projects have been started
to develop processing centers for groups of libraries. Such cooperative
processing centers have teen in operation for some time in northern California,
Alabama, Michigan, Ohio, North Carolina, and Indiana; and centers are being
studied in Colorado, New York State, Ohio, and other places. These centers
will perform all the typical functions--preparation of orders, selection of
vendors, checking-in of materials, cataloging, etc., and finally delivering the
items, ready for the shelf, to the participating libraries. It is apparent,

of course, that such centers can operate in the same (manual) way that most
litrary acquisitions departments have operated for many years. Yet, the use
of data processing equipment makes the cooperative processing center a much
more attractive proposition.

- The-potential savings of cooperative or centralized processing centers have ?
not always heen realized. For example, a recent study of a centralized

processing center in Illinols showed that although personnel were relieved of

the processing task and work-space pressure was relieved in some of the
participating libraries, the actual cost of processing through the center was,

for some of the participants, greater than costs of doing the work themselves (58).

Reported costs of existing cooperative centers vary widely. The reported
costs are difficult to compare with previous costs, since almost no one has i
obtained cost figures during a previous operational period and then studied ;
the same operation after the processing center has been established. In

addition, the services provided may differ from one center to another. For

example, some centers use very simplified cataloging, whereas the center in

T1llinois mentioned above used a cataloging code that resulted in better

quality but more expensive cataloging than had previously been the case in i
the individual libraries. f

The Association of Research Libraries has t:en studying the possibilities of
ccoperation for many years. Under their Fa mington Plan, individual institutions
undertake the purchase of foreign publications from a certain area or on a
certain topic, and then serve as a national center for such materials, thus
relieving other institutions from purchasing in that particular field. Recent
activity at the Library of Congress under Title IT of the Higher Education

Act has also served to further the cause of cooperative purchasing and pro-
cessing. . These cooperative activitles could be the beginnings of true networks.




15 Wovember 1967 L6- . ™-3732

Tt is difficult to predict with accuracy the extent to which the trend toward
centralized and cooperative processing can be carried. The cooperative pro-
cessing center or the centralized purchasing center tends to 1limit free enter-
prise within the book trade. It is conceivable that a cooperative or
centralized purchasing activity could be large enough to dispense with the
services of booksellers at the retail level or even the wholesale level, and
deal directly with publishers in all cases. If extended over a large enough
geographical area, this could adversely affect the fortunes of a number of

_ booksellers. Also, there are numercus legal barriers in the way of wide-

spread cooperative purchasing and processing; if the members are located in
different political jurisdictions (i.e., different counties, states, or
countries) or if some members are publicly supported and others are privately
supported.

h.3 CATATOGING FUNCTIONS

h.3.1 Description

Libraries have developed highly complex systems to categorize the materials
they acquire to make them sccessible to the library's clientele on the basls
of subject matter, author, and title of the work. In the "cataloging and
classification" process, numerous categorizing schemes are used, the most
widely used being the Dewey Decimal Classification and the Library of Congress
Classification systems. Alphabetically arranged subject headings are also
uged, as well as the occasionally used newer techniques such as descriptors,
key-word-in-context, etec.

The amount of effort expended in the description of the item varies from
library to library; some 1ibraries expend a great deal of effort on a precise
physical description of library materials, as well as on their subject
categorization. Apart from the physical description of the item, there is
the matter of assigning an "entry" to the materlal. Because of the nature

of the so-called "dictionary catalog" (on small cards), the concept of main
entry has been important in cataloging work. Selecting the main entry,
putting it into proper for.., and selecting appropriate subject headings and
classification numbers or coordinate indexing terme are time-consuming tasks.

Tn most libraries, the descriptive cataloging and the subject classification

are done by “the same people; in others this work is separated; in still others,
catalog sections are operated in conjunction with the acquisitions activities.

Tn many libraries, the catalogers use Library of Congress printed catalogs

for guidance, but they also maintain their own "authority" files, which glve
proper forms of names, series titles that are used or not used in that particular
library's catalogs, proper forms of subject headings, etc. Libraries typically
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meintrin special catalogs lknown as "shelf lists," which are maintained in the
same order as the books are shelved within the library. It is an inventory
pecord primarily, but can sometimes be used as & "classed catalog,' since the
file is usually orgenized by the clessification scheme in use in the library

The end result of operations in a cataloging section is a series of codes
assigned to a given item, and a description of the item. Together these
constitute the cataloging entry for that item., Typical library practice in
the past has consisted of making catalog records on 7% x1 % cm. cards.
Frinted cards may be purchased from other organizations, e.g., the H. W.

Wilson Co. or the Library of Congress, or produced at the local library.
4
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A particularly nagging problem for many libraries is that of "arrearage,”
which is the general term given to the large quantities of uncataloged
materials so frequently found in catalog departments. Libraries often acquire
large collections in one transaction, completely overloading the catalogers.
More and more libraries have these unprocessed backlogs, for they are reluctant 5
to pass up any chance to acquire materials that may, later, be unavailable !
or available only at greatly increased prices.

¥ h.3.2 Applications of Technology

The most popular application of technology to the cataloging process has heen
to reproduce catalog cards. Although the cost of purchasing cards from the
Library of Congress 1is relatively low, some libraries prefer to produce all
of their own cards using copy provided by the Library of Congress proof-
sheets (proof copy of new catalog cards) or Library of Congress printed
catalogs. These libraries are sometimes able to reduce the costs below that
of cards obtained from the Library of Congress. Techniques sometimes involve
photocopying, but a few libraries rekeyboard the item on paper tape for
production of the necessary cards by automatic typewriter or computer. "Book
catalogs" are catalogs in the form of a book (or codex) rather than individual
cards. This form of catalog, frequently used many years ago but abandoned in
favor of the card catalog, is returning to favor. With the new technology,
some of the disadvantages of the early book catalogs are no longer serious.
The major objection to book catalogs of the past was that the cost of keeping
them up to date was prohibitive. With present-day equipment, especially
computer=-controlled typesetting or computer printing in upper and lower case
letters, the cost of reprinting catalogs on a regular baeis has become much
more ccmpetitive with the cost of maintaining large, complex card catalogs.

A further advantage of the printed book catalog is thet it can be produced

in multiple copies for use at a large number of service points, including
distant ones.
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A few libraries are now precducing cetaelogs by computer in & book form, with
holdings arranged by author, title, and subJect. These are produced on a
regular basis and updated as necessary.5 Some libraries are producing (or
planning) cumulative monthly lists of currently cataloged items, suthority
lists of subJect headings, and lists of currently cataloged ltems arranged
by the special interests of the library or its clientele. 1In addition, some
projects are seeking to gather by-product statistics for library administra-
tion, e.g., work-performance records by cataloger.

. ‘The combination of interlibrary cooperation and new technology offers great
potential for the reduction of costs and wasteful duplication of effort in
cataloging. There are already a number of smaller cooperative processing
centers thet combine acquisition and cataloging functions, presumably with
economic advantage to the participating libraries. The Library of Congress
also continues to play an increasingly important role in cataloging. Because
LC catalogs a significant percentage of books acquired by libraries in the
United States, it has been--on economic considerations alone--an effective
agency for the reduction of cataloging effort by a large number of libraries
in the country. In fiscal 1966, over T2 million cards were distributed by
its Card Division. With its expanded role in procuring materials abroad
and catalcging them more promptly, even greater savings are possible. The
MARC ProJject, which is a prototype of a national network for the distribution
of machine-readable catalog data, has great potential in this respect (118).

There are other aspects of the cataloging process that could benefit either
by centralization or mechanization. A ccoperative, centralized operation
could consolidate "authority files" or even "official catalogs," and the
consolidated authority file could become a part of a union catalog for the
participating libraries.

Aspects of technology other than data processing are also beginning to
contribute to the cataloging process. There has been some interest in camers
equipment that a cstaloger could use to copy data from available LC printed
catalogs or other national bibliographic records. Only recently has a camera

5One of the unresolved problems connected with the computer production of
book catalogs is the filing sequence of entries within a perticular catalog.
Existing filing rules demand g high level of human intelligence for their
accomplishment. The rules must be modified to some extent in order that a
computer can follow them. There is not yet unanimous agreement within the
livrary community Jjust what modifications should be made.




15 November 1967 =49- T™-3732

been introduced (by the Polaroid Company) that was especially intended for

‘handling equipment also has potential, although this area has not been
exploited to any large extent. A few libraries have installed large rotary

shelves to offer better access to large reference sets, such as the Library
of Congress printed catalogs. Some forms of compact storage have also been
developed, but relatively little study has been made of possible improve-
ments in materials handling to support the cataloging process.

Some equipment has een developed to aid in the placement of call numbers,
letters, and numbers on book spines. This is a relatively unglamorous pardt

for this purpose by the American Library Association's Library Technology

but it will not work with the most modern typewriters.

A few libraries have considered certain aspects of purchasing, receiving,

[ and cataloging as a single process, and are attempting to establish systems
that capture the bibliographic information concerning each item ordered, at

time again, throughout the entire system. This is a promising approach,

ing information 1is available. If consideration is 1limited to contemporary
publication in English, by far the bulk of the acquisitions in libraries of
the United States, there is no question that this goal can be achieved. If

use by catalogers. Whether 1t is satisfactory is not yet known. Materials-

of p.ocessing, but one that is necessary in every library. The tool developed

Program.(LmP) works reasonably well, and saves some amount of time and money,

the time it is ordered. This abolishes the need for re-keyboardiﬁé‘iiﬁé—éﬁd—~

especially for handling curr3:ntly published material, for which full identify-

S ‘.«,v_,)ﬂ“"c‘g‘-"r,“j‘f’e"»}%w:gv-:r‘\:,‘ B P

there were library networks, interconnected by communication links, keyboarding

could be further reduced by storing the biblizgraphic information for each

jtem in a machine-readable store. Any other library could then call out the
complete record from the store by inputting only a small portion, sufficient

to idertify the entry. It might be possibie to use only the Library of
Congress catalog card mumber to retrieve the complete bibliographic record.

There are at least two current attempts to implement some of these ideas.

The MARC Project has already been mentioned. Another major effort is in

for the entire New York State University system, with communication lines
linking all of the libraries.

6,

Camera." The Council on Library Resources is sponsoring this work.

New York State, where & network is being planned for a medical library system (84).
Tt is anticipated that there will be a centralized technical processes center

Other efforts have recently been announced for development of a "Bibliographer's
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In the near future, the use of computers to produce book catalogs will
undoubtedly become more widespread, perticularly with the advent of devices
that can transform computer output directly onto film. The Chemical Abstracts
Service, which is preparing to print Chemical Abstracts entirely from computer
output in & few years, has a device that will take computer output (using a
character set of 1452 separate characters) and place it on film, from which

it can then be made into an offset printing plate. The same process could be
used to produce library catalogs, either union or individual. In addition,
microfilmed catalogs produced in this fashion could readily be copied and

- distributed in cartridge form, so that libraries could have union catalogs for
their patrons st many points at a relatively low cost.

Communications technology could also be important in relation to uses of the
catalog. One idea, which few libraries seem to have considered, is to establish
direct communication from the public catalog area to the catalog department,

to help reference personnel or patrons obtain assistance in the use of the
catalog. Communications technology may also prove very useful in relation to
storage facilities. There have been some efforts to establish such facilities
for a group of libraries in an area of low real-estate cost. The use of
"slow-scan" TV to send tables of contents, etc., to distant patrons over
ordinary telephone-lines, apparently not yet studied, is worth investigating.

The problems of arrearage might be eased by better exploitation of data
processing technology and, possibly, materials handling technology. Various
schemes have been devised by some large academic libraries to produce brief
descriptions of these msterials and then to store them away. Ncne seem to
have followed the lead of some special libraries, which have used data pro-
cessing to produce permuted indexes to their arrearages. The use of compact
shelving of various typesmight enable libraries to handle their arrearages
more effectively. Most libraries have not planned for such shelving, however,
and its installation and use may be considered too expensive.

L.h CIRCULATION FUNCTIONS

bl Description

Most libraries employ some kind of circulavion contr-~l system to keep track
of the materials borrowed from the library. Such s,stems vary from the very
simple to the extremely complex, in accordance with the type and importance
of information needed. In England, some libraries give their patrons a
number of tokens, which are exchanged, one by one, for books that they take

" from the library. When a book is returned, the patron receives a token back,
but no record whatsoever is kept to show what book the patron has or who has
vhat book. The only apparent use of the tokens is to restrict the number of
materials that a patron can have out from the library at one time. Libraries
in the United States usually want much more information and control.
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Tt is in the area of circulation that we find perhaps the greatest operational
differences among the three general types of libraries identified earlier.

- Although most public libraries do seem to have some sort of limit on the number
of books that patrons may take out at one time, they generally attempt to
maintain controls only with respect to the date of return. Thus, there is
usually no way to discover what materials are out to what particular borrower.
Some academic libraries have special circulation problems, in that they have
special collections of materials that are loaned for very short periods of
time. These items may carry rather high fines for even short periods of over=-
due use, and record keeping is a large operational problem for these libraries.
Academic libraries, in general, feel it necessary to be able to determine who
has a particular item when it is out and to control the length of time
materials are out. Special libraries generally try to keep some sort of
inventory of materials out to each borrower but they tend to be especially ;
liberal regarding their loan periods. Some spzcial libraries also need to ‘
maintain control of security classified documents, not a typieal problem in
elither academic or public libraries. For such documents, the concept of
"accountability" is paramount.

Another, rather specialized, aspect of circulation control involves non-
book materials, which have their own unique problems. For example, the
~__circuletion of motion picture film involves not only circulation control, but
"booking in advance." This requires specialized records, as well as efficient
routing and distribution. Other materials loaned by libraries also have
specialized requirements. Phonograph records and audio tapes, for example,
require special handling not typically afforded book material. Circulstion
of periodicals for limited periods and their inspesction after each use present
additional problems that seemingly demand human attention and have : tively
little potential for mechanization. However, technology might have : .ne
ansvers 1f the proper efforts were made to discover +them.

In recent years, circulation control has received much attention, no doubt
because many libraries have acute problems in this area.! Academic libraries,

7A number of studies have been made of circulation control systems within
recent years, under the sponsorship of the Library Technology Project of
the American Library Association. While these studies have been, in general,
crrefully planned and have produced some useful results, there has not been
complete agreement on the validity of the techniques used in the studies or
their results. The benefits of management information have been completely
overlooked as a desirable byproduct of a circulaiion system, and are not even
considered in the assessment of costs. At the present time, the effort
seems to be to use data collection equipment solely for the purpose of solving
operational problems.

S it iy ¢ o o o b C e s
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especially, have had their circulation systems very much in the public eye.

Some have had operating problems that cause long queues to build up at charge-
out points. (Waits of up to an hour for service are reported in the literature.)
Such conditions cause consideraeble dissatisfaction among the patrons. Thus,

a number of them have selected circulation contr)l as a first step toward
automation.8 '

4.4.2 - Applications of Technology

According to the Creative Research Service Survey (23), about 165 libraries
are now using data processing technology to support the circulation control
function. Current projects in this area seek to do the following: produce
lists of materials actually in use and identify their location; produce lists
of materials in use by individual borrower; produce overdue notices automati-
cally; collect circulation statistics by borrower category, subject category,
or any other particular category of interest to the library. Subfunctions of
some of the foregoing processes are those of producing lists of materials
having one or more requests outstanding ("holds end recalls"), so that
management action could be taiken; producing cumulative records of the use of
particular items, with automatic notification of materials used so frequently
that they are likely to need rebinding; and producing annuel listings of
materials out on long-term loans to certain categories of borrowers.

Some public libraries have had very comprehensive circulation control systems
for years. Perhaps the most outstanding is the Montclair (New Jersey) Public
Library, which uses custom-built IBM equipment to keep track of the records
by item, by borrower, and by due date. Only recently has comparable equip-
ment become generally available. A few academic libraries now have systems
that permit an inventory of materials out to a particular borrower. Others
cen run an inventory for all materials out on long-term loans, but cannot
answer directly the question, "What materials are loaned to the borrower,

Mr. Jones?" All of the operating automatic or semiautomatic systems work

on a "batch" basis.? The concept of batch processing implies that data are

8A case in point is Johns Hopkins University, which has devised what seems

to be a fairly expensive system of eirculation control, the design criteria
, for which had as & prime requisite the ease and speed of moving through the
circulation control point from the patron's viewpoint.

9There are a falr number of systems, more or less similar in operation, that

use data collection equipment:  for example, at University of Southern Illinois,
University of’Missquri, Washington University, Santa Clara Public Library, etc.
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time, "on line." A few institutions are beginning to work towards the
development of actual on-line operations that will tie a circulation control
system directly into a computer at all times. None of these is yet operational.

Using data collection equipment tied directly into a computer, libraries
could handle one- or two-hour loans; this would demand considerable random-
sccess memory, but the value of the use statistics that could not be gathered
any other way might well justify the added cost. Within libraries of a size
large enough to have branch operations, a limited network arrangement could
be useful for circulation control. All the branches could participate in the
one common system by the use of remote data collection devices, thus placing
in one central computer record the total circulation file. This would enable
1ibrarians to ascertain the current availability of particular titles within
the system, much as the airlines check for available seats. Public librarians
have not felt that this was a necessary part of their service in the pest,
but they might well do so if the system permitted 1t.

Circulation control could also be operated on a network basis within a region,
it would seem, quite efficiently. Many libraries banded together could
afford equipment that no individual library, or even several libraries, could
afford. This might allow effective on-line operations at a reasonable cost.
Efforts along these lines will undoubtedly begin to take place; there is
already some research under way along these lines by private organizstions. :

The concept of cost/effectiveness has usually been absent from the discussion
of circulation control systems, especially in connection with existing manual
systems. Cost/effectiveness is not the same as cost, a distinction often
ignored. An all-too-common approach to circulation control considers only
the lowest possible cost of the operation to the library  The idea that
circulation statistics can also provide important management information

over a period of time seems not to have taken hold yet, for few public
1libraries have sought to devise circulation systems that would enable them

to collect such management data at a reasonable cost. Future efforts
undoubtedly will begia to see more attention paid to this. Cost to the user
is also a topic which is beginning to attract attention.

e

After materials are used, they muist be reshelved or replaced by the circulation
section. Technology has had as little effect in this operation as it has had
in the similar operation of "paging" books in libraries that do not allow

their patrons access into the stacks.lO While some use has been made of

10At the Technologlcal University Library in Delft, Holland, a special

telephone system is used to transmit the stack location of the desired item
to s "page" in the proper area of the stacks. The page picks up the book
(or responds that the book is not there) and places it on a specially
designed spiral chute, which delivers the book to a pickup point.
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pneumatic tubes to transmit call slips and even books, these are point-to-
point operations, and materials must be taken off shelves and replaced by
hand.

Some interesting suggestions for materiasls handling have been made, for
example (64), that the principle of the linotype could be used to position,
deliver, and replace & book in a particular place within a collection.
Following this suggestion, a staff member of the Council on Library Resources
has outlined a system using plastic boxes to contain and transport books in
and out of the stacks (70). It appears that no one in the library world--
even including the Council itself--has taken such suggestions seriously
enough to initiate experimental work.

Remington-Rand has recently announced a system which is, in effect, an automatic
stack and is intended primarily for automatic handling for storage and

retrieval of materials kept in file folders. The manufacturer claims that the
system will handle materials in codex form. The economics for library operations
of thls system are unknown, since only a prototype of the equipment exists

at the present time. (This equipment is also discussed in Appendix C, "Related
Equipment and Materials Technology,")

4.5 REFERENCE AND REFERRAL FUNCTIONS

4,5.1 Description

Reference and referral is another aspect of the public service side of all
libraries. It includes helping the patrons find and identify materisls of
interest, making requests to other libraries, if necessary, and helping
patrons in the use of reference tools. Reference work also includes the
production of specialized bibliographies. Public libraries also have a
"reader's advisory" function. This is generally not considered important or
necessary in special libraries or academic institutions, where the patrons
are students, faculty, or research personnel.

Part of the help given patrons involves interpretation of the library's catalog.
Thus, card catalogs are typically placed in a public area where they are handy
to the reference and circulation sections, even though this may make them very
unhendy for personnel in the technical processes area. In some libraries
greater use of library catalogs or library reference materials is made by the
staff of the library itself rathér than by patrons. However, the library's

orientation toward service to its patrons usually dictates a location convenient
for their use.

Some part of the public services section of the library, usually the reference
department, will handie requests to other libraries for materials the library
does not have. 1In the area of interlibrary ioans, ribrary cooperation has been
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- truly remarkaeble. All libraries, public and private, can obtain interlibrary
loans, not only throughout the United States but overseas. Some of the larger
libraries have used communication devices such as the teletype to handle
thelr intei-library loan requests. The Library of Congress with its National
Union Cata.logll serves as a focal point for the ac*ivity in this country,
although certain academic libraries may have local cooperative agreements ?
within a region, and therefore make their requests within that local group
before using the Library of Congress resources. For these reference and referral
functions of interlibrary loans, union catalédgs are almost indisyensable.

Without them, interlibrary loan activity would require circularizing a large '
number of libraries until one located a particular library that had the |
desired material. |

Raference work frequently involves making copies of library materials for
patrons. Somestimes these are copies of tables from reference works that
cannot be removed from the library. Since circulation of periodicals is
frequently restricted, there is also heavy traffic in photocopies of articles.
There is also frequent demand for microform meterials, especially the widely
used roll microfilm in 35mm format.

““‘*“ﬁ7572~—4——__g£p1icat;ons of Technology

Very little in the way of technology, with the exception of communication
devices, can presently be found in most reference departments. A very few
libraries have automated their information and document retrieval functions.

In general, these systems work as follows. A variety of guides or indexes to
document holdings is available, from which users select key words, subject
headings, uniterms, etc., as search keys. The search produces lists of document
nunbers, sometimes including abstracts of material matching the subject criteria
input.

There are also some primitive automated data retrieval functions along the same
lines, generally using some type of subject categorization for the construction
of search requests. Most data retrieval systems can do only such simple things
as producing a series of sentences that contair some prescribed or desired words,
or a listing of physical date that meet certain criteria. Most of the automated
data retrieval systems are in information centers; almost no libraries have
automated data retrieval functions. :

Project Intrex at MIT combines some aspects of document and data retrieval
within a library function. Intrex (information transfer experiments) is a

11The National Union Catalog at the Library of Congress was established with
the aim of recording locatlions throughout the country of primarily scholarly
material.
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program of resezrch experimentation directed towerd the functional design of
new library services that might become operational at MIT and elsewaere by 1970.
The research program is addressed mainly to the broad problem of access--in
particular, access to bibliographic material, documents, and date banks. The
four areas of activity encompassed by the core program of Project Intrex are:

an asugrented catalog (computer stored), full-text access at stations that

are remote from the store, fact retrieval, and network integration (96).

Some current mechanization projects have implications .>r reference. For
example, where libraries have mechanized their cataleg records, using computers
either to print catalog cards or to produce book-form catalogs, there is also
the inherent capzbility to produce specialized listings of materials in s
particular area. The computer can be used to retrieve references and tailor

a. bibliography specifically to the needs of the patron, with limits, for
example, on date of publication, language of material., and subJect headings.

Some communication devices have been used in libraries for some time. The
Electrowriter and other similar systems have been used to transmit handwritten
requests from one point in a library to another, or from & branch library to
another element of the system. Several recent projects, have explored the use
of telefacsimile processes to transmit needed materials from one library to
another. While the promise is great, so is the cost. Here again, libraries
are making use of equipment and technology developed for o not

especially suited to LibraTry problems. For eXsmple, the typlcal facsimile
process is not usable with bound materials, except through the use of the
television camera. With the typical commercial television equipment and

common carrier transmission systems, the cost for transmitting even a few
pages is very great. No work has been done, so far as we are able to determine,
with "slow-scan" TV processesl? for library puiposes. ILecture demonstrations
have been held at several places in the country where materials used by the
lecturer at the transmitting end were displayed on a screen at the recelving
end. Such equipment is said to work over voicegrade lines and does not involve
too great a transmission time. On the other hand, it produces only a display,
not hard copy, at the receiving end.

Typical library equipment for using microforms is far from satisfactory for
long-duration usage. For some reason, existing optical technology has not
been exploited to the fullest. Microfilm equipment manufacturers seem to
think that microfilm readers and other types of microform readers must always
be "portable," and librarians have, apparently, accepted this position. Yet,
such machines are usually placed in a particular location, used there, and
rarely taken from that location, and could just as well be built-in. This

12Som.e studies have been made with closed-circuit TV, but these were made

some years ago prior te the advent of the slow-scan process. For ordinary
TV use the costs are now too great because of bandwidth requirements.
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* would ease the normal restrictions on size and would allow the optical
designer additional freedom to use long focal lengths to improve display on
the screen. Existing standard optical techniques could be used to build a
high~quality reader that would be comfortable for a patron to use over a
long period of time, in a reasonably well-lighted area.

Such equipment has not been built because the development cost seemed pro-
hibitive without a guaranteed market. Not enough librarians have been actively
concerned with utilization of microforms to demand the better products that
could be made, and no efforts seem to be under way to improve the situation.
Yet microforms will need to be used more extensively in libraries in the
future. Large numbers of books printed over the past century are deteriorating,
and some of these undoubtedly will be preserved only in microform. Most
libraries that want them will be able to afford them only in microform. The
possibility of large library collections (e.g., one million volumes) solely

in microform is also very much on the horizon. The increasing amount of material
available in microforms will undoubtedly help to accelerate efforts to improve
the handling, storage, and use of microforms. (See Appendix C, Section 2.)

Some effort is being made to bring techniques of automated "information
retrieval"” to reference work. A few libraries are already contemplating the
use or ccmputer equipment to make their catalog records available on-line,

and are also considering placing computer display consoles in locations for use
by patrons. Reference librarians may well be "tied into" thu circuit go that,
if the patron's own searching of the library catalog is unsuccessful, he can
call a reference librarian, who can interact with the patron and the computer

to assist. Before this is an everyday occurrence, a great deal of experimen-
tation must be carried on to determine what kind of retrieval system is required
for such interaction, and what kind of preparation and training are required

of both the librarian snd the patron.

The development and use of statistics regarding reference service has always
been a shaky affair in litraries, largely because reference activity is very
complex and because the personnel involved with reference functions have not
had adequate time to record all of the daily transactions. This area will
undoubtedly receive attention in the future, as computers are called upon to
interact with librarians and patrons. Such devices could allow the easy
compilation of management information forms that could be very useful for
library administration. For example, the use of statistics rapidly gathered
from interlibrary loans and arranged for easy interpretation could enable the
library administration to improve the library's collection systematically.
Most libraries try to do this now, but without appropriate tools, it often
mist remain a pious hope rather than an actuality.
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4,6 SERTIALS MANAGEMENT FUNCTION
4h.6.1 Description

Serials were described earlier, in the section on Acquisition, as one form
of continuations. It is difficult to say what constitutes a serial in a
given library; most libraries have their own definitions that they follow.
For purpcses of discussion, we will consider as serials anything listed in
New Serial Titles or the Union List of Serials .

Because they appear in such a wide variety of forms, and because of the
difficulty of maintaining records concerning them, serials have frequently
been handled by a completely separate operating division within libraries,
especially in libraries of medium to large size. Smaller librariee 40 not
usually have the wide variety of serials that the lerger public, aculemle,
and special libraries have.
Although the more esoteric, foreign language, scholarly Journals cause great
difficulties in handling serials records, it is the sheer volume of details
necessary in maintaining serials that is the primary source of trouble. Also,
serials have an additional problem that only infrequently is important in
dealing with monogrephic works, nemely binding. Periodicals have many separate,
discrete parts that must be gathered together and placed insome sort of hard
cover for preservation. Most libraries either replace their unbound Journals
with microforms or bind them, which adds ar additional aspect of record keep-
ing. Records must be kept of what is at the bindery; separate records are
needed of what is bound and what is not, because these materials mey be shelved
in separate locations.

Iarge libraries with many branches have a tremendous record-keeping problem,
since they try to record the exsct items housed in any particular location.

If an attempt is made to centralize such records manually, it can only be done
economically in one place. Thus, branch locations may not have ready information
on what materials may be in other branch locations.

As especially time- and manpower-consuming function is the claiming of serials
which do not arrive on time, or at all. In order to carry on claiming, up-to-
date information on serial receipts is necessary, because some serials, if not
claimed promptly, will be out-of-print and unavailable. Claiming can be seen
to be especially demanding of diligence and accurate records.

Union lists are another especislly important aspect of serials management,
since no library in the country has all of the Journals ever published, even
those of the United States. Every year, literally thousands of new journals--
scientific, technical, and others throughout the world--are "born," and
thousands "die," seemingly with a gradual net gain of live titles.
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4.6,2 Applications of Technology

There is an unknown buit sizable number of projects under way to convert
serials records and record keeping to machine-readabie forms so that they
may be produced in a much more timely fashion. Some of the work on book
catalogs has promise for serials management. For example, book catalogs,
extended to include periodical and serial holdings and reproduced in multiple
copies, have been successful in alleviating the problem of providing ready
information to branch libraries on serials holdings. Once there has been &
sizable conversion of serials information to machine-readable form, it should
be considerably easier to create and maintain union lists of serials. The
monumental compilation of the third edition of the Union List of Serials of
Libraries in the United States and Canada is a case in point: This final

cdition took literally decades to complete.l3 If all the records had been

machine readable and computer programs had been available to manipulate them,
new editions could have been produced on a yearly basis.

Communication devices and data processing equipment offer tremendous potential
for tying together the holdings of one library with that of another, within
regions, and nationally. With the addition of the capability of transmitting
facsimile copy through communication links, it becomes possible to congsider
centralizing, on a regional or even national scale, serial holdings of lesser-
used materials. There have been efforts along these lines--without advanced
technology--by libraries in the past, a prime example being that of the Center
for Research Libraries, located in Chicago.

The question of cost/effectiveness becomes important in such considerations,
and at the present, providing copies of journal articles for distant patrons

is probebly better carried out by common reproduction equipment and the U.S.
mail, than by costly telefacsimile processes. Initial efforts are already
under way, in certain regions of the country, to produce union lists cof serial
holdings for certain organizations having numerous branches,1h and such efforts
will undoubtedly accelerate in the near future. A most encouraging develop-
ment is the recent beginning of a project at the Library of Congress to determine
precisely what elements of informaticn should be put into a machine-readable
record for & serial title. This is the groundwork on which & national serial
data project can be tuilt, and that hopefully will be undertaken at the Library
of Congress in the near future. Botix this effort, and the recent known desire
of the EDUCOM Network Task Force to convert the Union List of Serials to

13The exact number of years involved is a matter of definition and is the
subject of controversy.

1""For example, State University of New York with its 58 branches.
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machine~readable form deserve greater support than they now have, since they
‘offer tremendous potential for all libraries, not only in the United States,
‘but worldwide.

The semivcluntary efforts of the American Society for Testing Materials (as™™)
to establish a uniform code for serial titles were notewortbr; ASTM offered

to assign a standard code ("CODEN") to eny serial title suiu.itted to them

in any field of knowledge. The Franklin Institute of Philadelphia has recently
assumed responsibility for the CODEN effort.. Standardization efforts of this
kind,which help to establish codes for use in computer-based files, ought to
have greater national and international support.

Despite several years of effort in the automation of serials records, relatively
few institutions have operational systems, and those that exist do not perform
all the necessary functions of serials management. Current projects undertake
to produce the following types of records and control information: 1lists of
currently received materials; cumulative lists of holdin ;s, that is, materials
actually in the library; claim reports for issues that have not been received
by a prescribed time; production of tags for bindery use; orders for new
subscriptions and a renewal of the entire subscription list; financlal records
showing categories of expenditures by funds, by subject, by language, etc.;
1ists of materials not owned by the library that are needed to fill in gaps

in holdings. Current efforts are aimed at producing all of the items above,
but no one system does. Very few institutions have attempted to integrate
work in this area with automation in other aspects of their operations.

4.7 SPECTAL COLLECTIONS AND MATERIALS

h.7.1 Description

Libraries handle a wide variety of materials, in addition to books and megazines.
Some libraries include the functions of museums, with collections of manuscripts,
letters, art objects, etc., all of which demand special treatment.l? Some
meterials are given to libraries with restrictions on their use that the library
must observe. Frequently, the physical items are more important then their
intellectual contents, e.g., rare books, manuscripts, etc.

=
‘sTo group these functions under the term "museum" does not imply that they
are not used by scholars. '
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- Some special collections are easier to caterorize for subject use than book

materials., For example, maps almost always refer to some geographic area
that can be identified, if necessary, by precise coordinates of latitude and
longitude. Art and architecture slides always refer to either s geographic
location or a physical object. Although such materials may have a subject
orientation thet must be identified, subject use 1s much more limited than
it is for book materials. The same is true for phonograph records.

Special collections usually impose special storage requirements upon libraries.
Both manuscripts and some kinds of books must be kept under controlled environ=-
mental conditions or they will disintegrate. (Even ordinary books are not
particularly long lived but they are usually more easily replaced.) Other
materials do not necessarily - need a special environment, but must be protected

from public access because of their rarity or fragility.

h,7.2 Applications of Technology

A great deal of specialized equipment is needed for the use of materials

such as phonograph records, slides, and maps. Libraries typically use
whatever equipment is commercially available, both for display and for storage.
Better equipment than is currently available undoubtedly could be developed
specifically for libraries.

A number of fairly new academic institutions, e.g., Oral Roberts University, E
in Oklshome, and Oakland Community College, in Michigan, are sttempting to %
develop learning centers built around highly sophisticated and complex audio- ;

visual equipment that has been especially designed to handle film strips,
language tapes, video tapes, progremmed lesson materials, etc. These insti-

tutions feel thet if the library is to remain a significant part of the academic
enterprise, it mist involve itself in handling these materials and in pro-
cessing traditional library materials into new forms that coordinate better
with the audiovisual approach. There is some indication that there may be
more interest by libraries in the use of these special forms of materials and
equipment. This appears to be necessary to avoid ccmpetition between "media"

personnel and librarians on the campus.

ILibraries that handle special collections as their prime function are few in
number, considering the total number of libraries in the country, and some
persons have wondered whether such libraries need be considered in relation

to the "national" problem. There are, in fact, some profitable lines of

action that could be taken, with better application of technology, to improve

the use of some of the special collections. For example, union catalogs have
been produced for certain forms of rare materials, such as manuscript collections.
Tt is now well within the state of the art to develop & truly comprehensive

union catalog or national inventory of rare materials. Such a catalog would be
widely useful and its maintenance relatively simple, since, compared with regular
library collections, the growth of these special collections is not very rapid.
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4.8 IMPLICATTONS FOR FUTURE APPLICATIONS OF TECHNOLOGY

Tt seems clear, from the foregoing examination of current applications of
technology to libraries, that more and more libraries will soon be seeking

to use data processing equipment to support various aspects of their operations.
Some will do so inthe hope of saving money; others may do so primarily to
improve their operations and service. The latter is probably a more realistic
goal. Use of data processing has not saved money for many libraries yet(52) .
However, it has enabled them to improve operations that they considered critical,
to stabilize the number of employees and sometimes to maintain certain operations
which were ready to break down under continued manual operations and increasing
workload. Machines may help to alleviate the recognized shortage of manpower
in libraries long before recruiting and educational programs are able to meet
the challenge. Too, despite some conspicuous failures, there is sufficient
evidence to indicate that use of machines can improve service to library users.
in ways which additional manpower cannot. Judging by the CRS survey (35)

cited earlier, many near-future applications of technology to libraries are
likely to be largely on a "hit-or-miss" basis, with each library focusing on
its most pressing current problem. This is an understandable tendency; yet

the greatest potentials of technology may have to do with functions or services
that are not currently being performed by most libraries. For example, most
libraries have tended to be concerned much more with the monograph than with
any other physical carrier of information or data, in spite of the fact that

the number of monographs published each year is relatively small compared to
other printed materials: periodical issues, report literature, government
publications, etc. Although numerous local and regional union catalogs of
monographs exist, and there is even a National Union Catalog, there are no
union catalogs available for such materials as documents from the United
States Government Printing Office., Use of existing technology could greatly
enhance access to such documents. If the depository list of the Superintendent
of Documents were to be published, using computer=-controlled typesetting, as
part of the Monthly Catalog issued by the Government Printing Office, depository
libraries would no longer need to maintain their own catalogs (which consist
largely of simple inventory files, rather thar full-fledged catalogs, as are
available for monographs). Technology could also improve access to other kinds
of non-monographic materials. :

Technology can also be exploited for the extension of typical library activities
to serve certain user groups better. For example, Project Intrex at MIT is
examining (among other things) the expansion of the descriptive and subject
cataloging of library materials, so that catalog data available to potential

users will include evaluations as well as strict descriptive indications (87, 96).
Undoubtedly, other efforts will be undertaken to expand existing library
operations into new areas that have not been feasible in the past because of
limitations in the equipment and methods availeble. This raises the question:

Is it not possible that entirely new aréas of service could be identified with
subsequent creation of appropriate techniques and equipment? Without question,
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libraries of all types, és they are now constituted, are exceedingly valuable
to our society. But how much more valuable could they be if there role were

- gseriously examined, with a particular view to the development of new concepts

of services such as continuing education (4T7)?

Another aspect of libraries that one may not immediately associate with
technology is their organizational structure. This structure has traditionally
included operational and service functions, but might not the current and new
technology of the near future offer the possibility of changing the entire
organizational concepts of libraries? Do they need to continue operating in
the traditional manner, with the traditional departments? Several libraries
undertaking automation programs have found that existing divisions could be
efficiently combined into larger operating units when data processing equip-
ment was put to work. If this aspect of library operation and management were
given the attention it deserves and made the focus of design studies, could
not significant improvements be expected in the total library system?

Just as computer technology provides the opportunity for individual libraries
to think in terms of larger units of operation, so, too, does it provide the
opportunity for groups of libraries to work together in ways that would be
difficult, if not impossible, without the use of advanced technology. Although
most of the current library automation efforts are oriented to the individual
library, the time would appear to be ripe for many of these disparate efforts
to be channeled into a better-focused national efiort that would seek to bring
all aspects of our technology--not just the techniques of data processing-~to
bear on the problems of library operations.

In this vein, a recent reviewer of library automation efforts has written in
the 1967 Annual Review of Information Science and Technology (84):

"In the past, much of the automation literature has consisted
of reports of individual and quite isolated projects. This
was perhaps necessarily so because the vision to see the
relationship between the new technology and bibliographic
processes was limited to a few individuals who often seemed
to be 'marching to the tune of a different drummer'. This
may be the classic pattern of technological advance, but

this reviewer believes that to continue to regard automation
as the plaything of an avant garde elite is dangerous. We
have reached the point where further achievements will depend
on the ability of a lot of us--librariens, computer specialists,
system analysts, and information entrepreneurs of various ilk
--to march, at least occasionally, in step.”

In her survey of recent progress this reviewer gave primary attention to
1iterature that described cooperative movements or literature that presented
an honeet attempt to discuss, not so much an individual project, but the
principles and concepts involved. She summarized things this way:
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"To this reviewer +the single most important facet of the
literature of 1966 is that it clearly reveals that there
is a vast and growing number of marchers, that national
and international ventures are being planned and some

are even under way, that there is an ongoing search for
a modus vivendi between the library world and that of
the specialized information center, and that at least
minimum standards for machine-processable data are
almost upon us." :

It would appear that both the full exploitation of technology and the library
needs of society will demcnd a reorientation of libraries from individual,
isolated, operating units into a cohesive national (or even international)
structure capable of offering a given level of information service at any

point in the nation.
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5. FUTURE DIRECTIONS IN LIBRARY OPERATIONS AND SERVICES
5.1 INTRODUCTION

Meny per :rs have been written on the libraries ¢f the future. They vary
greatly in their conception of library users, service requirements, desirable
operational procedures, and applicable technology. They also vary greatly in
their conception of the time scale on which such libraries can be developed,
and in the depth of their grasp of the tremendous technical complexities
involved in actually achieving highly advanced library epplications that fully
exploit the potentials in presently existing hardware and software technology-

Underlying many of the details in these conceptions are two fundawentally
different epproaches to prognosticatior. O{nc approach stresses whet it is
theoretically possible to achieve, givel massive infusions of effort

and money and rapid acceleration of technological development. Projections
along these lines have pictured & norm of large libraries making extensive
use of computers for all their inmternal procassing, and individual members of
the using public seated at consoles conducting searches or otherwise inter-
acting directly with massive files of computer-stored material.

The other, more realistic approach toward prediction stresses a linear
extrapolation of current trends. It charts the probable direction of future
librery operations and services as a straightforward extension or growth frum
the present, on the assumption that the purpose, organization, staffing,
funding and operations of libraries will not change radically within the next
five to ten years.

Each kind of prediction has important uses. Glimpses of a possible future
. fire the imagination, help to widen one's horizons in thinking about library
problems, and, in many instances, identify desirable paths for research
exploration. Such glimpses also help to attract funding that might be more
difficult to obtain for more '"pedestrien' research or development. The
critical weakness of this spproach is that it often points to goals so
distant and so demanding of social and technical changes that they are
unlikely to be accomplished. In some instances, all-encompassing plans

can derail or forestall more modest but nevertheless importent improvements
of present circumstances. Some of the more visionary schemes may also
create devices and techniques especially appropriate to a select class of
library users--an elite, so to speak--but that afford little improvement to
the vast majority of patrons.

Predictions based primarily on extrapolation of the present are useful aids
to short-range planning because they are firmly rooted in present operations
and thereby generally take more adequate account of problems of transition
from the present to the future. Such predictions are more likely to be
borne out then more far-reaching and visionary predictions because they
demand less on the part of society, the government, and technological
innovetions. The danger of the more conservetive approach is that it may
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encourage preservation or mere '"mechanization" of current procedures in

some circumstances where only radical overhaul can make a significent and
worthwhi le change.

This section offers two views of the near future. One is primarily an
extrapolation of current trends, intended to convey some picture of

library operations over the next ten years if there is no massive infusion
of energy, funds, and direction into the library picture. The other view

is of a reasonably possible future, with the emphasis on operations and
services that have some potential meaning to the main body of libraries,
rather than the relatively few, very specialized libraries that have ample
funds for experimentation with advanced technology. While it may appear that
both views tend to err somewhat on the side of pessimism, the history of the
application of technology to probl.ms of information handling suggests that
undue optimism mey be a more serious error and & greater source of
disappointment.

Whatever approach one chooses to take toward prognostication one must keep
in mind that, during the next ten years, there will be an increasing demand
for library services of all kinds, not only because of the population growth
but because levels of education and needs for vocational treining are
increasing. One can foresee that over the next 10 years a much larger
proportion of the population of the country will be educated, either in an
academic manner or in vocational or techmical training, than has ever been
the case. Many of them will require & continuous regime of study to keep

up with the changes and demands of their work. Thus, there will be a great

pressure for public libraries to acquire, represent, store, and meke

accessible to their publics new and varied materials, including magnetically
recorded TV films, a wide range of microforms, and other media not commonly
handled todsy.

5.2 AN EXTRAPOLATIVE VIEW OF THE FUTURE

5.2.1 The Demand for Services

Given only the extrapolative prodiction, it is doubtful. that more than a
hendful of public libraries--stete, county, or city--will be able to respond
to the pressures just described. Many public libraries csanot now cope
adequately with books and magazines, and cannot be expected to do better
with the newer media. Too, the increasing workloads are likely to cause
further deteriorations of the librarian's capacity to he.p readers in the
selection of material. It is generally acknowledged that there is much
out-of-date or erroneous meterial on library shelves. Many libraries bave
paid little attention to this problem, believing that their function is only
to provide a collection of materiaels and a place to use them. Weak or
nonexistent guidance is explained in terms of free access: if materials
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are available on all sides of & question, anyone can make a correct selection
of materials to use. Since most libraries will not have the manpower to do
enything more than attempt to keep up with increasing workloads, little
chenge can be expected in this area. To the exter’ that they can be; the
demand for information services will be met, if not by libraries, then by
other agencies. The trends evident in serving specialized user groups wWill
become manifest in the general populace in some of the more affluent areas.
Specialized information centers may spring up to compete with the library,
not only in giving service, but, more importantly, in obtaining funds. (At
the Federsl level, the specialized information analysis centers belng
established by the National Institute for Neurologicel Diseases and Blindness
are indicative of this trend. These centers coexist, and perhaps actively
compete, with established medical libraries.)

One may project some of the same cousequence for educational libraries

of all types as for public libraries. The service loads on college and
university libraries, however, are likely to be much heavier in the future,
compared with the rise that might be foreseen for other types of Jibraries.
Most of the 50 million or so students currently in primary and secondary
schools will reesch college age during the next decade, and en ever-rising
percentege of the population will go to college. In addition to the sheer
problem of numbers, emerging concepts of broader educational service--as
embodied, for example, in the library-centered college concept now gaining
favor--will add to the range of service demands.

There sre whole categories of information, such as graphics, that canuot be
adequately transferred by means of the printed word. If the library-centered-
college concept is to flourish, then the appropriete transfer medla for such
information must become an integral part of the library armementarium.

This is not likely to happen in more then & small number of well-financed
institutions, if the present competition for academlc iunds continues.

The increasing demands for service from public and educational libraries are
1ikely to have an impact on special libraries. Special libraries have
usuelly been able to draw upon the resources of other 1ibraries,16 but with
these other libraries herd-pressed to meet the demands of their own users,
assistance to special libraries msy not be as readily available. 1In addition,
of course, the special libraries will face ever-lncreasipg demands for the
highly specialized ccllection, description, and handli of information of
many types and forms that are not characteristic of other types of libraries.

16Generally, large academic libraries located nearby.

L7Specialized nandiing refers to handling by specialists with a particular
clientele in mind, e.g ; chemical information handled by librarians with
a chemistry background, for chemists. :
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Consldering the nation's Jibraries as & whole, and glven a straight-line
projection of current operational methods, it is not unreasonable to believe
that the overall effectiveness of library services ten years hence will be
considerably poorer than it is today. Something more then straight-line
improvement seems indicated, i1f the present quality of service is not to
deteriorate.

5.2.2 Available Technolqu

During the next ten years, libraries will be able to choose from a very
sizable array of equipment and procedural technologies to help them in
acquiring, processing, and storing materials and in providing reference and
other sexvices to their users. The most important class of equipment, from
the standpoint of processing, is date processing equipment, especially
computers. Even without any acceleration of development, computer systems
are increasing rapidly in speed and storege cepacity and decreassing in cost,
so that many more libraries may find some amount of computer support within
their economic range. Some libraries may choose to rent computers or
purchase them ~utright; others, particularly small libraries, may purchase
"shares" in time-shared systems or use service bureaus.

From the standpoint of storage and distribution of materials, probably the
most important kinds of equipment developed are those dealing with micro-
forms and reprography. Microformes sare becomlng increasingly inexpensive
to produce and handle, and equipment Ior reading and reproducing microforms
is steadily improving in quelity.

During the next five to ten years, even without sny acceleration cf
deveiopment effort, tliere may be very well-developed techniques fur the use
of computers or computer-supported systems for various aspects of technical
processes and information retrieval in libraries. Fully automatic processing
of languege data still poses severe technical problems, but a variety of
computer-aided languege-handling prccedures of quite general applicebility
mey be available to libraries and other informetion facilities. The chief
obstacles to widespread use of these will be.the cost and the limited
capabilities of library staffs to werk with, and take full advantuge of,
computers. Lt would be necessary for libraries to have programmers end
computer operators on thelr staffs.

5.2.3 Applications of Technologyl® within Individual Libraries

Of the approximately 25,000 libraries in the U.S., apparently only between
2 and 3 percent are presently applying data processing procedures to some
parts of their internal operations. These epplications are sbout evenly

1911 figures given in this section refer only to use of dsta processing or

related technology. No adequate projections were thought feasible on other
uses of technology, such as microforms, copying devices, etc.
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divided between punched-card cperations and computer-based operations.
During the next five to ten years, we may expect to see & substantial
increase in the percentage of operations using computers, particularly
for educatlonal and special libraries.

About 6 percent of educational libraries are using some form of date,
brocessing, and we may see well over 25 percent of them using data
processing equipment within the next five to ten years. Public libraries
bresently account for very little use of date brocessing=-one half of 1
percent of them gpparently use it--but it seems likely that the figure
could rise to 10 percent within the next decade. Four percent of special
libreries currently use datae processing; this figure will probebly rise to
about 10 percent also.

Most of the libraries using some date processing have concentrated on
technical processing of materials and hardly at all on service operations
other than circulation; it is likely thai this emphasis will persist.

F The character of the use of data processing will differ from one type of

t library to another. Most of the larger public library systems will Probably

; adopt computer techniques for s me portion of technical Processing operations

@ and for such functions as circulation and materiels control, binding, and

: records. This will be necessary because, thanks to the greatly increased
support of the Federal Government through the higher education bills and

| other specialized legislation directed at improving library services, the

E variety and comprehensiveness of public library collections can be expected

g to increase significantly in the next ten years.

s

|

E

|

|

The use of data processing technology is also likely to be accompanied by &
rather thoroughzoing integraticn of mansgerial record keeping, payroll
accounting, and the like, in support of uie budgeting and recording process.
Although various kinds of statisticel and other record-keeping operatiomns ia |
Public libraries will be increased, they are likely to be tied, as now, to §
internal operations for the accumulation of budgetary and wdministrative
informetion, rather than for knowledge of and adaptation to the needs of
their users. The larger public libraries (especially state libraries) are
also likely to engage in a shift from card catalogs to book~form catalo,
for some categories of materiasls. For smaller libraries, we may expect to

see only a relatively slow, gradusl increase in the use of data processing
r equipmeat.

Hlucetional libraries will probably show the same general pattern of use of
technelogy as the larger public libraries. The larger university libraries
will adapt date processing to more of their technical Processing work, and
there will be an increased use of book catalogs and mechanized circulation
control, but the effects on reference facilities and service will be
relatively small. Secondary school and elementary school libraries will
engage in cooperative ventures for purchasing, cataloging and other routine
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record keeping within the library, but the nature of services from the user
standpoint will not be greatly different from those given today. Spec fal
libraries, particularly those that operate as informeticn centers, will be
able to draw on data processing and other technological advances to & much
greater extent than will public and educational libraries. Because of thelr
particular service goels, they emphasize the reference and retrieval aspects
of their operations. In particular, they are likely to make use of the
cepabilities currently being developed for handling large data bases, 1l.e.;
large collections of relatively well-formatted dsta. There is also likely
to be an increasing use of selective dissemination or other selective
alerting procedures.

5e2.4 . Applications of Technology to Networks

It is widely recognized that the ability of individual libraries to acquire,
process and make available 8ll of the materials demanded by their users is
felrly limited. This recognition has spurred work on verious kinds of
cooperative systems and, more recently, on networks to interconnect libraries
¢f various kinds. Although computer technology needs to play a role in these
networks, the primery dependence is on communications and reproduction
technology. Current work on networks has stemrmed not as much from break-
throughs in these or other areas as from the availability of funds for
experimentation. If funds continue to be aveilable, we can expect to see
much more in the way of network development.

The network carrently being developed in New York State to link public,
educational, and some special libraries is & prototype of one kind of
network that we will cexr*“alnly see within the next five to ten years in
several of the wealthier states, such as Callfornie, Illinols, Indians,
Messachusetts, and Pennsylvanie. Other types of networks that we can
expect are subject-specialty networks, such as those for medicine (MEDLARS
centers) or law, and educational networks of the sort being considered by
EDUCOM. It 1s difficult tc predict what proportion of the universities

will be tied into en EDUCOM network in the next decade--i 2rhaps no more ‘then
the 20 or 25 larger universities. At any rate, at the very maximum. no more
than one-third of the libraries in the Upnited States will be tied into such
networks. To put it another way, if network development continues at the
present rate, it seems unlikely that 1977 will see an integrated nationwide
system for announcing, finding, searching, and transmitting documents.

There are network-like operating arrangements, i.e., cooperative systems,
already in operation and it would be quite possible to implement more
comprebhensive ones, e.g., centralized processing centers, within the next
decade. More cooperation is likely to be reallzed, but not at & rate that
promises full operational cepsbilities by 1977. The relatively slow rate
of progress on networks and other cooperative systems does pose one danger.
With incressing use of date processing technology, particularly in the
larger research and special libraries, we are likely to see a proliferation
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of specialized service centers, information and documentation centers and the
like, using a number of unique and incompatible practices and procedures and
campeting with libraries for personnel and funds. It seems likely that the
consequences of such incompatibility can only be forestallea by greater
movement then we presently have toward coordination and establishment of
common standards.

5.2.5 Summarx_pf the Extrapolative View

Projecting current trends into the next ten years, one may expect to see the
large majority of libraries operating much as they 4o today. The number of
libraries using advanced date processing technology will certainly increase,
possibly from the present 2 to 3 percent to 10 or 15 perceut. Considering
the growing demands for library service, this level of use of advanced
technology will not result in any net improvement in libraxry service for the
majority of individual libraries. Instead, a deterioration of service is
likely to occur because of increasing costs and competition for avallable
menpover. Large categories of informational materials will continue to be
neglected to a great extent, by libraries that are already coping inadequately
with traditionsl printed materiels. Thus the mejority of libraries will not

be eble to contribute significantly to the improvement of information transfer.
The truly significant improvements that could come from network or network-
like arrangements seem very unlikely to come about by 1977, without some

form of accelerated plaming and support.

5.3 A CONDITIONAL VIEW OF THE FULURE

While an extrapolative view of future libraries sees most of them continuing
to operate largely as independent entities, quite another view is possible.
This view is conditional cn aggressive planning, thorough exploitation of
technology, and gignificantly hlgher levels of financial support of libraries.
Under such conditions, one could envision a tremendous improvement in library
service throughout the United States. The conditional view of the future sees
libraries as elements of one or more integreted networks. Each library would,
as now, provide such services as its operating budget would allow, but its
participation in the networks could enable that budget to go much farther than
would & largely independent operation. Thus, it could provide its own staff
personnel with better information-finding tools, with relief from the burden
of cataloging certain materials already approprietely cataloged through the
network, and with computer-based, network-supported facilities for hendling

a greater number and veriety of reference probiems. The library's users
would also be provided with better information-finding tools, with & mich
wider variety of materials (e.g., slides, microforms and videotapes) than are
currently available, and in some instances, with an opportunity to interact
in & very direct way witl the information store, including machine-stored data
of a tebular or encyclicpedic nature.
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5.3.1 The Role of Books and Other Media

While it is customary, in some pictures of the library of tne fubture, to
downgrade the role of books and other printed documents, realism demands
recognition of their continuing central role, not because octher information
carriers are unavailable or too expensive, but because books are exception=
ally efficient devices for holding sizable stores of information. ILike the
telephone directory, they provide a degree of access to information that
would presently be difficult or impossible for machines to match on a
cost/efficiency basis. The library of ten years hence will still be
comprised largely of printed materials; however, it could take advantaege

of machine-stored data, microform representations, and other media to
provide the kinds of service that cannot be provided as efficiently,
economically, and satisfactorily through the printed word.

U

Future libraries are likely to make much heavier use of other media, such
as audio tapes and phonograph records, slides and films, holograms, and
videotape recordings, that carry certain types of information that the
Printed word canunot carry as well, if at all. Nearly all educational insti-
tutions have record and tape pleyers and sound projectors, and some are
acquiring videotape equipment. Although the latter equipment is not nearly
as inexpencive as ordinary sound projectors, the expenses for producing
videotape are much less then for film. Too, there is growing expectancy of
a market for videotape units intended for use with home television sets.
These could, of course, handle videotapes borrowed from the library.

5.3.2 Cooperation and Network Operations

The library of the future could find its selection, acquisition, and inter-
library loan processes for all medis materially aided by the availability of
such tools as a national bibliography and a current Netional Union Catalog.
By curvent, we mean publication on the time scale of a weekly newspaper,
rether than on the scale of several months that 1s presently typical. With
such tools--which 1t is certainly technically possible to develcp--and the
communication net, libreries could easily ldentify, locate, borrow or
purchase & copy of desired material. Appropriately accelerated developments
along the general lines of the Library of Congress Project MARC could relieve
libraries, in whole or in part, of what curremtly emounts to a greatly re-
dundent cataloging effort. While individual libraries might not need or
might not be able to afford direct computer assistance in processing, they
might well belong to and depend upon local or reglonal networks which, in
turn, are part of larger networks.
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5.3.3 The Library as & Distributing Agency

In the future some libraries, particulsrly educational and special libraries,
are likely to shift from being primarily a lending institution to being more
of a distributing agency. We have already reached the stage where the cost
rrr book of library circulation control is almost as large as the price of

a pusperback book. Thus, with the prospect of replacing or copying full-sized
or microform materials easi v (the latter a rapidly developing capability),
some libraries will prefer to give material away rather than to lend. Many
more of them mey also become sellers of wulerofilm copies. Some of the
traditional antipathy to microfilm, based on low-quality imeges and the cost
of viewing equipment, will certeinly disappear &s these problems are amelio-
rated and as libraries decide to grasp the opportunity to aave much larger
holdings without compensatory demands on their physical space or processing
procedures. Sore record keeping will undoubtedly be required in connection
with appropriate compensation to copyright owners; this need not be a complex
matter, particularly if the library is tied into & network supported by data
processing for such routine accounting matters.

5.3.4 Autometed Document Processing

While relatively few libraries are likely to be engaged in automatic or
machine-aided indexing, abstracting, classification, translation, and the
like, during the next ten years, many are likely to be beneficiarizs of such
processing by specialized elements in the network. Although there are
significent technical problems in this area that are not likely to be

completely resolved in the next ten years, the more importent barrier has

been economic — the sheer cost of putting large amounts of text in machine-
readsble form. Expected improvements in optical readers will help to some
extent, but even greater help will come from new publication techniques that
use computers and provide a mechine-readsble version of the printed material.
Log.cel changes in the copyright law might give publishers an economic
incentive for turning over such machine-readable material to indexing and
abstracting agencies or the other orgenizations serving particular networks.
Such agencies will have the equipment, trained personnel, and familiarity
with the specialized subject matter necessary to meke this kind of
arrengement advantageous to all.

5.3.5 Expanded User Service

A1l of the improvements in acquisition, cataloging and other aspects of
technical processes thet one can foresee in future libraries spell better
service to ugers. The first kind of improvement will see computers used to
provide services within the library ttat are provided todsy by intellectual
effort. The second kind of improvement will allow librariles to offer new
search and retrievel capebilities to certain classes of users and to the
librarians exd to provide, particularly in educational and special libraries,
a much higher order of access to reference materials, eitiher in digital or
photographic form. Iarge systems for the retrieval of documents or specific
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data are already operational, some in versions that permit direct searching
by the user sitting at a teletype anywhere in the United States. Such
interactive devices, with output speeds at least twice that of current
models, will be widely available and no longer & curiosity in some large
libraries. More broadly useful consoles with rapid textual display
capability will also be available in some special and educatlonal libraries,
although their cost will still be too high to have many such stations. Their

primaxy use is likely to be for reference cuestions that are mediated by staff
personnel.

Some kinds of information, such as census or election data, that are now
available primerily in book form are likely to be made available to libraries
in machine-readable form. With modest extensions of present capabilities for
menipulating computer-readable date Lases, & wide range of new information can
be made accessible to library users. Certain kinds of tabular, dictionary,
biographicel, or encyclopedic data for which there are common and easily
defined eccess paths might well be available, perhaps on-line, in some re-
search-oriented libraries. It is not out of the question to expect some
modest emount of manipulation and/or statistical capability associsted with
such data stores; computer programs embodylng such capability are already
commonplace in many universities and research facilities.

Libraries of all types could change their role to a more active one by adding
.some of the features of the specialized information analysis center. Libraries
could actively disseminate factual political data, the activities and plans of
public and corporate institutions within thelr service area, schedules of sig-
nificant local, national, end international cultural and scientific events,
ebe. Iibraries could have more concern with information as a commodity rather
than being concerned, as now, with the physical carrying of the information.

Libraries of the future may also provide diasl-up reference service. Every
telephone becomes, in effect, & recelving console connected to a library.
Lessons by telephone have already been used by the educavional community in
Colorado and the medical community in Wisconsin, and there could be greatly
increased use of this type of service within the next ten years. In the
same class as telephone messages 1s the use of slow-scan TV to transmit
information to individual homes. The advantage of slow=scan TV is the
reduced requirement on the communication lines. It is quite likely that
this type of transmission will come into demsnd when the videophone vecomes
a general item of telephone equipment. This will permit a much broader kind
of library service to the public than most libraries currently envision.
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Given continued growth of known pressures for change, three identifiable trends
may well combine to augment the service concept of many libraries. One trend
is the broadening needs for education and re-education brought on by accelerated
technology. A second is the growing awareness of the need to pre-package infor-
mation into meximelly useful units. The third is the bandwagon effect that is

| created as an increasing number of people find the library very useful and

‘ easily accessible. Together these trends will create a massive pressure for
libraries to put much more emphasis on educational materiels, programs, and

; functions. Facilities may be modified to permit them to hendle much larger

‘ volumes of course-sequenced materials, examinations, exercise stimuli, and
self-diagnostic devices. These could serve adult education objectives of
correcting deficiencies, retraining, and supplementary education, which will
become important for increasing numbers of citizens as our society undergoes
changes wrought by science and technology.

5.7.5 Summary of the Uonditional View

Assuming adequate planning support and aggressive exploitation of techmology,
the next ten years could see a very great improvement in library service
throughout the United States. A most dramatic change could be in improved and
expanded communication and cooperation among libraries. Communication net-
works could provide data processing capebilities to smaller public, educational
and special libraries; reduce duplication and costs of purchasing and processing;
and, at the same time, increase their service to users through rapid inter-
library loans, improved reference support, and the outright distribution (rather
ther loan) of certain kinds of material. Active dissemination of certain types
of informavion could be commonplece. Nonbook materials could be exploited by
libraries of all sizes and types, and couid be available virtually anywhere in
the nation.

5.4 FROBLEMS OF TRANSITION

Both of the views of the future outlined above involve difficult problems of
transition from the present to a desireble future. Some of the technical
problems related to equipment and techniques have already been discussed
(in Sections 3 and 4). There are also a number of major problems that are

| not necessarily technological in nature. These have to do with training, the

E development of standerds, and the development and implementation of government

% policy. Possible solutions to same aspects of these problems are discussed

% in Section 6, in the context of & larger progrem of action. The primary

E purpose here is to ident*fy issues that must be given special consideration

; if the potentials of meodern technology are to be exploited effectlvely.

;




15 November 1967 -76~ : ™-3732

5.4.1 Training of Library Users and Persannel

There are serious and persistent weaknesses in the knovledge and ability

of the libraries' clientele to make effective use of library services and
meterials. Library customers are rarely equipped to make efficient use of
the card catalog or other indexes to the collections, reference materisls
such as bibliographies, periodical indexes, abstract services and other aids
to documentary research. Too, most library users do not fully appreciate
that some skill and intellectual labor are required for effective searching
with conventional library tools. The development and gpplication of advanced
technology to library operations not only changes, but in several respects
complicates and adds to, the problems of bringing to the library: user an
adequate awareness of sources and devices as well as the skill to make them
serve his increasingly wide-ranging needs for documentary access and service.

Perhaps & more serious obstacle to the application of advanced technology to
library operations has been the lack of adegquately skilled and trained staff,
experienced both in the requirements of library operations and in those of
technology, whether in computing, reprography or communicetions. The edu-
cation and training of professional librariens and other library personnel
has ill-prepared them to appreciate or assimilate the capebllities and
promise of the new technology. At the same time, persons skilled in the
computing art and in other aspects of the changing technology are rarely

equipped to deal with the specific and complex requirements of library
operations.

If technology is to he exploited effectively for library operations, it will
be necessary to give considerable attention to means of helping library users
to understand and exploit library services and facilities and to bring library
personnel to a state of skill and preparedness for the new developments that
technology will bring. Technology itself offers some promise of providing
some of the tools to facilitate such training, e.g., demonstration vie TV
film, time-shared consoles, and computer-aided instruction. As the library
systems of the future are developed, care needs to be taken to include

devices and techniques for self-instruction and training of bouth library
users and personnel.

5.4.2 Standards, Compatibility and Convertibility of Deta

New technology applicable to library operations is being developed at & rapid
rate, particularly computer technology, which is increasingly being adopted
by some of the larger libraries. In ovder for this technology to be maximally
effective, especially for network operations, there must be some degree of
campatibility in deta deseriptions and programs for processing computer-
readable materials. Without some degree of standardization, or provision for
conversion, data files and programs developed at one installation are unlikely
to be usable at another, and a great deal of material is likely to have to be
keyboarded several or many times.
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The desirebility of some degree of stendardizetion has long been recognized
in the library field and a number of standards have been created, a noteworthy
example being the catalog card format of the Library of Congress. There are
s pumber of committees and subcommittees of the United States of America
Standards Institute that are concerning themselves with standards on such
topics as Reference Data and Arrengement of Periodicals, Basic Criteria for
Indexes, Periodical Title Abbreviations, Basic Criteria for Filing, Basic
Criterie for Abstracts, and Machine Input Records. Such comnittees represent
one avenue for achieving the necessary standardization.

Another feasible approach is to accelerate the development of certain tech-
niques in large and influentiel libraries and let the resulting products
provide de facto standards. (A large number of libraries have voluntarily
accepted the Library of Congress card as the standard catalog card because
of the inconvenience and expense of using any cther standard.) Both of these
approaches to standardization may need active consideration, if the many
separate and independent library orgenizations are to achieve adeq e
cooperation and communication using the new technologies.

5.4.3 Legislation, Government Policy, and Continuity of Plenning

A year or two ago, it was estimated (23, 28) that about 900 million dollers
a year was being spent by various parts of the American public and private
sectors for library service. Teking into account recent and increasing
support from the Federal Govermment, the current figure is probably about
J..3 billion dollars. This rather massive investment has been mede largely
without & nabtionsl program in mind. Thus the present legal, political, and
% jurisdictional structures are not ideal from the standpoint cf integrated

‘ planning for library development.

If viaeble nationsl networks responsive to the full range of library user
needs are to come into existence, libraries in all of the states must have
the cepebility of contributing to and interacting with those networks. For
this to coms ebout, Federal legislation will be needed t0 ensure adequate
support for these libraries and to eliminate statutory, jurisdictional, and
sdministrative obstacles to such participation. Iegislation mey also be
needed to provide for developrent of a practical mechanism for the wide
dissemination of document facsimliles and for compensating holders of copy-
rights to such documents. It may, in fact, be desirable to consider
legislation thaet sets, as a matter of national policy, a minimum standard
of library service at any place in the nation.

On the Federal level, there is a need for a thorough and continuing review
of executlve orders and statutes and coordination of proposed legislation,
particularly laws that require matching funds and/or operational support
from recipients of Federal monies. Ideally, Federal legislation should
pernit individual systems to operate more effectively, but should not
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encourage abdication of any responsibilities they have already undertaken.
Legislative efforts by the Federal Govermment should take advantage of the
momentum and funding of present efforts rather than simply supplanting
them. Otherwise, legislation intended to provide libraries with additional
funds may merely find one source of tax suppori replacing other already
existing funds.

In the discusslion of present and projected library requirements (Section 2),
it was pointed out that the development of networks, or other kinds of
systems involving extensive interdependences, would very Llikely require
some kind of coordinating influvence or coordinating body. Stuch & body
would need to be responsible for (1) keeping informed on the existing and
prospective state of library service, (2) plamning for improved library
service at both nationsal end local levels, (3) developing legislative
proposals, and (4) coordinating various government projects affecting
library service via grants and contracts. From the standpeint of support,
1t seems evident that only the Federal Govermment has the position and
resources to manage the coordination effort necessary to bring networks
into existence on a large enough scale and in time to meet emergent
requirements of the future, as well as present requirements not yet met
adequately. '
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6. A PROGRAM OF ACTION

6.1 INTRODUCTION

Previous sectiocns have discussed present and prospective uses of technology
in relation to library services and the operations that support them. The
point was mede, in those discussions, that th are s number of areas of
library operation in which the potentisls of verious kinds of technology
heve not been fully exploited.

Section 5 providec .::timates of the likely role of technology in libraries
some five to ten years hence, both wi*h and without some kind of acceler-
ating influence. This section outlines a recommended program of action which
could be undertaken if the decision were made to accelerate the improvement of
our libraries and if adequete support were provided for that purpose. The
program focuses on the entire complex of libraries, without particular
emphasis on any one type of library.

6.2 CHOOSING A PHILOSOPHY OF PLANNING

A primary question confronting both individual libraries and organizetions
concerned with interlibrary activities is not only whether to use technology
but what kinds to use and how to use them. As indicated earlier, there is

no inherent r.quirement for ‘the use of technology; technology is simply a
means-~-and not the only one--to ach’ ve certain ends derived from the broader
goals of our society. Some library problems can be solved more effectively’
through changes in technical or administrative Procedures than by the
introduction of tecnnology per se. On the other hand, some of the proposed

Aew operations involving interlibrary cooperation are unthinkable without
extensive use of tuch..itrigy.

The exploitation of technology to improve library operations and service can
be approached in several ways. Three possibilities offer themselves:

(1) to let things evolve, just es they have been evolving for many years;
(2) to desigl and implement a highly integrated nationwide library system;
or (3) to attack selected problems whose solution might have widespread
beneficial impact. Each of these approaches has some commendable features;
obviously some sspects of each approach could also be combined, and the
combination might prove more fruitful than any single approach.

6.2.1 Ietting Things Alone

The first approach (letting things alone) does not imply inactivity; rather
it places reliance on the mechanisms slready being used to improve library
operetions and service, without ettempting to accelerate the rate of
improvement. A major advantage of this epproach is that it requires no
drasf .c change in present activities, concepts of service, funding, or

s o
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patterns of involvement of the Federal Govermment., It takes advantage of
some of the benefits of the "squeaky wheel" concept, permitting individual
libraries or groups of libraries to &pply remedies selectively at the point
of grestest or most obvious trouble. It also avoids some of the waste that
nearly alweys accompanies massive system design efforts in areas where goals
are unclear, not universally shared, or subject to change. The major dis-
advantage of this upproach--ard it is & very serious one--is that in spite
of likely improvement, the nation's libraries as 2 whole would almost
certainly lose ground, in the face of increasing processing loads and demands
for service. Since this is not an acceptable prospect, letting things alone
would not seem to be & satisfactory course of action.

" 6.,2.2 Developing a Single Nationwide System

The second approach would plan and develop & nationwide, highly integrated
library system. This approach implies a massive plarning effort and a highly
orgenized transition from the present situation to & more desirable one. The
process ordinarily requires:

(a) Formulation of & clear, detailed, and specific statement
of goals and requirements.

(b) Formulation of & set of criteria by which the existing J
system and any proposed changes can be evaluated.

] (c) Evaluation of the present system in terms of the previously
3 specified requirements and criteria.

(d) Design of a system to achieve the specified requirements.

(e) Design of the plan for transition to the specified new
system.

(f) Implementation and evaluation of the new system.

(g) Modifications (if required) to the new system to assure that
it meets the objectives.

The so-called "system development" process, of which the foregoing elements
are major steps, has proved to be.a valuable tool for designing large,

complex systems to handle messive amounts of data. Because it is an orderly
process, it helps to assure that major requirements are known and agreed

3 upon, that the available resources (personnel, money, equipment, procedures,

i etc.) are known, and that various alternstives for meeting the requirements

are not overlooked. This process does not guareantee that the correct decisions
will alweys be made, but it helps to reduce the likelihood of meking wrong
ones.
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The application of a system development approach to the library problem might
have two important benefits. One would be to permit certain kinds of oper -
ations that are not likely to just evolve, at least not rapifly. If such
operations are to exist, or to exist as soon as they are economically and
technically feasible, they must be planned for. A second major benefit of
systematic and system-wide planning is the savings in cost and time by
avoiding duplication of effort. Hundreds of libraries and information
facilities are currently engaged in independent state-of~the-art appraisals
and implementetions of verious automation technologies, and undoubtedly a
significant number of these are, to some extent, redundant. Some groups

of releted li*raries that are altering their operations to provide greater
compatibility with each other are, at the same time,becoming less compatible
with other libraries. There is, in short, a less-than-optimum use of funds,
when one views the nation's libraries as a whole.

On the other hand, the system development spproach has some very stringent
requirements that must be met before it can be applied to library system
planning. The three most importent requirements are: (1) formuletion of
a clear, detailed and specific statement of goals or system requirements,
(2) sizeble and stable funding, and (3) effective management.

With respect to goels, it is clear that no common, agreed-upon goals of the
nation's libraries have been formulated, at least not in terms that a designer
could use to develop concepts for a desireble system or group of systems. It
is indeed guestionsble whether one can develop such a set of goals for all
libraries. At this point in time, agreement on common goals could probably

be achieved only among particular subsets of libraries, such as public or
research libraries.

A massive system development effort also requires messive financial support:.
Whereas high and stable funding is provided for lerge military systems, such
as, for example, the U.S. semiautomatic air defense system, it is not at all
clear whether the improvement of the nation's libraries would have a suffi-
ciently high priority over the next five to ten years +to permit a full-
scale program, A system development effort without dependable funding might
in some respects be worse than no systematic planning at all, because it
could inhibit, postpone or derail other potentially worthwhile efforts in
library improvement.

The most crucial problem is that of management. There have been &

number of notable failures or disappointments in system building, large and
small. If there is a single most damaging factor in these instances, it
has been the lack of top-level management understanding end control. Where
responsibility has been abdicated to the system designers, consultants,
equipment manufacturers, committees, or even to operating personnel, the
results have sametimes been costly fiescos. Is there, or is there likely
to be, the equivalent of an effective "top management" for the improvement
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"of the nation's libraries? Considering the large numbers of sovereign entitics
that comprise the U.S. library community, one would have to say "no." Thus,

in this domain, some of the advantages of the standerd system development
approach are likely to be only illusory, and it might be better to aim for more
limited goals and more limited systems, networks, or operating arrangements
that can be developed effectively with foreseeable resources.

6.2.3 Supporting Selected High-Impact Projects

The third approach t¢ improving the nation's libraries=--and the one that this
report strongly endorses--is to identify and support selected activities that
are likely to have a beneficial impact on all or many »f the nation's libraries.
A major advantage of this approach is that it recognizes the operational
independence of the majority of the nation's libraries while taking advantage
of their willingness to participate in interdependencies--such as interlibrary
loan systems--that offer mutual benefits. Ancther importent adventage is

that this approach does not in any way preclude undertaking cther prolects and
Programs . ,

Some high-impact projects could and should be aimed at the development of
model subsystems that could later be incorporated into & more fully integrated
netionwide system. Five such projects, briefly outlined in Section 6.3 below,
are strongly recommendsd for consideration. None of them is an entirely novel
idea; none of them involves technology for its own sake. Rather, each involves
a recognized objective that technological progress has helped to bring within
reach. Bach of the projects is technically and economically feasible and we
believe that each =ould have a catalytic effect on the improvement of Library
service in the U.S.

6.3 RECOMMENDED HIGH-IMPACT NETWORK AND SYSTEMS PROJECTS

In the past, libraries have had rather remarkable success in developing
cooperative interlibrary loen and acquisition petwork enterprises, as well as
such representation schemes as the National Union Catalog and Union List of
Serials. Today, however, these fall short of what could be achieved, with
full exploitation of technology, and short of what the nation raquires even
now, to say nothing of estimated future requirements. Described below are
five projects that take advantage of current technology to provide important
mechanisms that will ultimately be essential to an integrated network of
library systems and services.
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6.3.1 A Prototype ﬁetwork of Regional Libraries

For national networks to operate efficiently, certain nodes in the system must
function as major switching or referral roints for communication between local
libraries and national netwnrks. A system of regional libraries could serve
this functi~i., Their responsibilities could include the maintenance of
regional uni 2 catalogs and bibliographic lists of all kinds; the selective
communication of portions of these lists to national union catalogs and lists;
maintenance of accounting systems for reproducing copyrighted materials; and
extensive rerererce, referral, lending, and copying services for local libraries. ;
Because there are many organizational and technological unknowns in building f
retworks, it is suggested that a prototype network be esteblished as an |
operational experiment.

This project could be carriéd out within a four-year period, along these lines:

" Fi?%t:ypar: Planning, staffing, contracting, design, and testing
by means of simulation or pilot operationsy

Second year: Acquisition and installstion of hardwere, software,
and communications equipment; system testing and initial
operations between selected points. Equipment installed for this
phase would tie together only the regional centers plus selected
local service points.

Third year: Procrrement and installation of additional equipment
to add a larger number of local service points to the network.
All points actually tied in would become fully operational
during this year,

Fourth year: Addition of more local libraries to the system, so
that virtually all of the nation's libraries could rarticipate
in the network. All connected points would be fully operational
and the network physically complete.

6.3.2 An Expanded, Computer-Based National Union Catalog

The system of regional libraries suggested in Section 6.3.1 would maintain : ?
extensive and detailed union catalogs and union lists of all library materisls
held in local libraries. From these catalogs and lists, a selection could be
made for the compilation ~f a broader based National Union Catalog (NUC).

For tasks of this magnitude to be done at all, it appears imperstive that the
catalogs and lists be produced in machine-readable Form. If this were done,
systems could be developed to exploit several important capabilities. The
catalog could be interrogated directly through electronic communications
(using the network involved in 6.3.1); individual libraries could readily
create special subsets of the catalog by subject or other kind of access for
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_their own purposes; and, most importantly, the catalog could serve as a basic
tool for libraries throughout the country to locate various kinds of materials

for their users in a timely manner.

The developmental work for this project could be carried out within a three-
year period, along these lines:

First year: Planning, staffing, contracting, design, and
beginning of preps ~*ion of inputs in machine-readable form.

Second year: REstablishment of local union catalogs, through
receipt of machine records from the Library of Congress, plus
local input; communication of selected parts to Library of
Congress to become part of the national record; and initiation
of conversion of the post-1955 NUC to machine form.

Third year: Completion of conversion of the post-1955 NUC and
current edditions thereto and initiation of distribution in
machine-readeble form on a regular basis to all parte of the
nation. Complete geographical coverage would be achieved by
having contributing libraries serve as NUC depositories in all
parts of the U.S. By the end of the year, NUC records would be
maintained and distributed on a regular and timely basis. Union
cataloge would exist in each region, and all would be inter-
connected to each other and to the NUC.

6.3.3 A National Bibliography

The Library of Congress card service does not cover all copyrighted materials,
and the Catalog of Copyright Entries is not produced in a form that is satis-
factory as a bibliography, nor does it include all publications. With
appropriate use of computers, and particularly with use of computer-controlled
typesetting or photocomposition devices, a comprehensive and timely national
bibliography could be produced. This could relieve meny libraries of most

of their cataloging effort, provide a compatible input for the National Union
Catalog, and serve the publishing and book-selling community as well as
Tibreries. This service could also provide all of the advantages of flexibility
end adaptability inherent in machine-readable files, and make the task of

building responsive networks much eagier.

The National Bibliography could be put into operation in about two years,
as follows:

First year: Planning, design, staffing, and préparation of pilot
issues.,

Second yeaxr: Contracting, printing, and dissemination.
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The short time-table implies that initial publication and distribution of the

National Bibliography could be expected to begin January 1, 1970, on a weekly

basis. The Bibliography would list all new publications, both copyrighted and
non-copyr..ghted, that met agreed-upon specifications. There is & possibility

that demend for the bibliography could make such en enterprise not only self-

supporting but even profitable. '

6.3.4 A National Referral and Loan Network

Building comprehensive and up-to-date reference tools such as a national
biblingraphy, union catalogs, and lists, and orgenizing work through such
entities as regional libraries would make it possible to go a step further
and °reste & national referral and loan network. A true network has not
really been possible in the past, because of insufficient knowledge of the
location of desired materials. With a machine-manipulated union catalog (or
catalogs) and a properly designed communications network, requests could be
roted automatically to the potential lenders. In addition, up-to-date
corrections to the union cetalog--possitle because of the computer=--could
result in higher success ratios on interlibrary loan requests. With a
sufficiently responsive configuration of equipment, procedures, and personnel,
guch a network would allow & library user anywhere in the country to obtain
the materials he needs within a reasonable time.

The development of a National Referral and Loan Network would require about
four years: :

First year: Staffing, planning, design and coordination.

Second year: Initial operations; begin use of communications
Tinks to expedite handling of reference questions and loen
requests.

Third year: Expanded operations, with initial, selective use
of telefacsimile from region to region and full copying and mail
or delivery service within regioms.

Fourth year: Completion of network; telefacsimile would be
avellable to all key points in the U.S., with copying and
delivery available to eny library. There would be full=-scale
reference, referral and interlibrary loan service available
from eny library in the network.
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:643.5 A National Library Storage and Microfurm Depository System

Physical deterioration of many kinds of library materials is recognized to be
& nationwide problem. This project would esteblish g system of regional
centers, supported by advanced technology, to house and preserve rarely used
materials and provide loan copies or microform facsimiles to other libraries,
as needed. The centers could also pursue research toward more effective
preservation, with continuous study to determine what materials could be
preserved and/or reproduced vie microform. .Such a pProgram would diminish

the storage requirements of local libraries and ensure that access to all
documents is preserved. o

The development of g National Library Storage and Microform Depository System
would require about four years:

First year: Planning, staffing and preliminary design;
designation of the regional centers.

Second year: Initial operations at the national center to
preserve, restore, store, microfilm, reproduce, and loan
selected printed materials.,

Third year: Beginning of operations at the regional centers.
By this time the national center and the regional centers would
be interchanging microforms, and a netional inventory record
would be maintained at the national center.

Fourth year: TExtension of the system into full operations.

6.4 SUPPORTING RESEARCH, DEVELOFMENT AND TRAINING

The five high-impact projects described in Section 6.3 are oriented toward
operations. While they are dependent on technology and while they involve
subsystems that will eventually be important in more extensive, integrated,
and technology-dependent nationsl networks, they do not contribute directly
to the exploitation of technology by individusl libraries.

The major barriers to the more extensive use of advanced technology in
individual libraries are lack of funds, lack of personnel with the experience
necessary to select and use some of the new technology, end--not least of all--
the limitations of some of the technology for library purposes. As noted
earlier, much of the extant technology has been developed without any particular
consideration for potential library epplicetions. The library "market" as

such has been regarded by many manufacturers and dev:ilopsrs of equipment and
techniques as small, compared to the market toward which they direct most of
their efforts. This has meant that libraries have often had to make do with
what has been produced for very different purposes. Although there have been
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instances (e.g., in the MEDLARS system) in which special devices and techniques
were developed for a library or 1ibrary-like application, more devices,
products, and technliques developed specificelly for libraries are needed if
future operaticnal requirements of 1ibraries, library systems, and library

networks are to be met.

This report recommends that concurrent with the opérationé»oriented projects

outlined above a program of technology-oriented library research, development;
anC training be undertaken. The jdentification of specific developments
needed for library improvement should be based on a much more thorough study
than this report attempts. However, examples are given below of areas where

progress should undcubtedly be accelerated.

E.h4.1 Herdware Specification and Development

2l interest to 1ibraries include

The kinds of hardwere of rost pbtenti
microform-handling equipment, and other

computers, communications equipment,
materials-handling equipment.

a. Computer Equipment. Several needs exist to make computer
Technology more compatible with library needs. Anmong these

are:

(1) Librery-Oriented Tnput/Output Computer Equipment.
Present equipment is not capable of handling the large
character sets needed by librarles, and lacks the speed
to deal with the large mmounts of input/output needed
to process the very large files typical in libraries.
Line printers having 200 or more characters (about
twice the currently available number), with little
or no speed penalty, are needed, The need still

. continues, too, for optical scanners that are capable
of reading a variety of fonts. Although an increasing
mmber of publications will be produced by use of

computer-driven printers, some new material, as well as
the large mass of earlier materiel in the libraries,
11l not be available in machine-readeble form.
AN
(2) Computer Consoles. Most consoles available today for

men-computer interaction were produced for other than

1ibrary needs. Most of the more flexible consoles are

too expensive for all but a few applications, and they
cennot readily handle the charecter sets needed for
1ibraries. Consoles are needed that are better tailored

to library use.
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(3) Computer Memories. The large computer stores presently
available were developed for applications whose storage
requirements are small eand speed requirements large,
compared to those of library applici ions. Continued
work is needed to develop large (10™° bits) storage
capacity. Further work is also needed toward the
development of associative memories and other techniques
to reduce the amount of time required for searches in
nain memory. ’

b. Microform Equipment. Good equipment for creating microforms
has been available for some years, and reasonably good equip-
ment is also available for reading some forms of microcopy.
Yet no really superior equipment, particularly for reading,
is available off the shelf. Some equipment, acknowledged to
be superior to current equipment for library purposes, is no
longer even available. An accelerated development effort is
needed to build the best products possible, so that micro-
forms of all types may be used with comi'ort over extended
reriods of time.

c. Materials Handling. One of the major tasks in the library is
materials handing, i.e., routing, trensporting end delivering,
books and other matecrials. Better and more economical devices
are needed to improve the library's materials handling (i.e.,
shelving and distribution) capability, without seriously
impeiring the ability of library use.s to browse.

d. Commnications Equipment. Equipment is needed to connect
verious libraries in such a way that, functionally, the user
at any library cen be provided with a catalog for the whole
system and can obtain copies of material anywhere in the

system. The communication network must combine the low cosi
of operation suited to the individual library's budget with
the high speed of operation suited to the user's attention
span.

Vhile it may be appropriate to subsidize specific prototype hardware develop-
ments directly, another promising approach may be to attempt to "focus" the
market by developing a consensus among libraries regarding their requirements
and the kinds of devices that would meet them. With a clearer picture of
desirable equipment specifications and of the market, a number of manufacturers

could be expected to engage in developmental work without any need for direct
subsidy.
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6.4.2 Procedural (Software) Specification and Development

The identification of specific processing techniques worth developmental

support should rest on & very careful analysis of projJected library require-
ments in relation to the current state of the art. Some tools worth consider-
ing in such an analysis are listed below. Optirally, there should be concurrent
hardvere and software advances to achieve more effective processing techniques. .

a. Organization and Search of Large Files. New approaches to com-
puter organization and search in large memcries are needed.
Existing techniques are expensive, consume excessive amounts
of time and memory, and cennot be easily adapted to library
applications. Generalized retrieval systems suitable for
libraries (i.e., capable of performing searches rapidly on a
large volume of meterial) must be developed if the benefits
of automated informastion systems are to filter down to the
users. Such systems will need to be able to incorporate user
feedback into the search process. This will require a combina-
tion of improved hardware and expanded software capabllities.

b. Library-Criented Filing and Sorting. Today's computer sorting
schemes ere not capable of processing the large, special
character sets required in litraries adequately, nor can they
manipulate the large sort keys needed to sort library files
effectively. Much more development along these lines is needed.

c. Utilization of Publication Output for Automated Text Proceszing.
An ever-increasing amount of machine-readable information is
becoming available as a byproduct of publishing today's litera-
ture. Techniques need to be developed for the efficient capture,
storage, and subsequent use of this information for libraries.

d. Automasted Subject Heading Assignment. Textual materials require
accurate assignment to subject ~t categories such as are used in
traditional library catalogs. Skilled catalogers are in short

, supply, and even the most skilled human does not do equally

well with all moterials. An effort should be made to develop

inexpensive and reliasble automated (or machine-aided) systems
that would allow some of the cataloging load to be assumed by
machine processes. Such items as authority files, gpeeial

cataloging thesauri, etc., appear to be particularly suitable

to machine manipulation, and certain subjlect heading assign-

ments could also be performed by mechine accurately, consistently,

and economically.

e. Time-Shared Processing Techniques. Meny medium- and large-
sized libreries are currently using or planning automated
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techniques for selected aspects of their intermal operations.
The emergence of networks will demand even more attention to
automated techniques and particularly to time sharing on
computers. Many problems of scheduling, allocation and
communication need to be studied, preferably in. operational
contexts, if time sharing is to be used effectively in library
networks. Special time-shared processing techniques suitable
for smaller libraries are also needed so that these libraries
will not be excluded from use of computer technologv because
of the high cost of developing and operating an individual
system.

6.4.3 A Test Bed for Handling Nonbook Materials

The handling, representation, storage, and use of nonprinted materials have
long presented probleme to libraries, because practices appropriate to books
have not been ideal for these other materials. With the continuing emergence
of new media for informetion trensfer, such as video tapes and magnetic
recordings of several kinds, these problems will increase. It would be
desirable to ecstablish a facility that could serve as a test bed four the
development of new methods and techniques for storing and processing these
materials and making them accessible apd usable. The facility could also
serve as a demonstration or model library and could thus play a role in
disseminating information about the new techniques.

6.h.h Direct Supporting Research

The history of library technology, and particularly the current history of
projJects introducing automation into library functions, has uncovered one
point so repeatedly that it is almost & truism. This is that technological
artifacts such as punched cards, computers, data-link lines, ccaputer programs,
consoles, character readers, programming languages, television channels,

large core emories, and the like, do not in and of themselves represent the
actual solution of information problems. Rather, they constitute a nczcessary
technological framework through which the solution to information problems

may be pursued.

Without the facilitating technology, no amount of understanding of information
flow, transmission and usage could result in sophisticated library or infor-
mation systems, By the same token, no amount of sophistication, efficiency

and economy of hardware and software components will result in effective
information systems unless the necessary knowledge is available to orient

the activities of these tools to tne actuael processes and functions the
system is intended to serve. The purpose of direct supporting research is

to provide such knowledge as soon as possible.
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By direct supportiing research is meant studies displaying two characteristics:
(1) the goals of the study can be clearly stated and are directly aimed at
contributing to the solution of one or more of the immediate problem areas for
library and information system design, and (2) the study is organized and
conducted in such a way as to provide generalizable knowledge rather than
parochially oriented facts. There are at least three major areas of direct
supporting research that should receive immediate and continuing attention:

a. Information characterization. The world of facts and ideas
continues to change, accompanied by changes in man's responses
to the facts and ideas, along with changes in his ways of
characterizing or communicating about these things. Much more, ;
for example, needs to be understood about the baslc processes ‘
of analyzing and commniceting informastion requirements, if the
potentials of new equipment technology are to be exploited.
Intensive studies are also needed of conceptual behaviors that
form the bases of different classificatory schemes. A vast
improvement needs to be achieved in our understanding of the
manner in which situational and contextual constraints alter
the conceptual and classificatory responses made to textual
meterials by librarians, information specialists, and users. A
much better level of knowledge is required of the capacities
and limitations for conceptual adaptability of a typical
individual attempting to use an information characterization
scheme that is somewhat foreign to him.

b. Evaluation tools and methodologies. The mechanism of progress
consists of iteratively comparing two or more alternative
paths or solutions and of selecting the better one. Therefore
the method of comparison itsclf becomes of crucial importance
in determining whether, in fact, progress will be made. Better,
more precise, economical, and meaningful tools are needed for
compering and diagnosing existing procedural options, systems,
and services. More sensitive and subtle procedures are needed
for uncovering the merits, deflects, utilities and penalties of
varioue kinds of information media and channels, such as textual
and audiovisual ones, so that each can be employed to its
maximum advantage in libraries and library networks.

c. Effects of informaticn. The services provided by libraries
and otner information facilities are based on a number of
premises regerding the amount and kind of information their
users want. Findings from some surveys that most of the
megterial. in libraries is not used much, if at all, raise
questions about the adequacy of these premises and about the
mechkanisms libraries employ for staying attuned to the interests
of their users. There is a need to develop a better under-
standing of the generation of new information and concepts,
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and its applications to the world of action. Better understand-
ing of these phenomena appears to be & prerequisite to the
development of more effective and efficient library systems,
particularly in the selection of materials and in determining
vhat level of access they shou.d have. It would also appear
to be very important in learning how to design effective
interfaces for the man-machine transactions that occur in
request formulations made to automated retrieval systems.

Research in these and related areas is, of course, already going on, with
the support of various agencies of the Federal Government and through
private organizations such as the Council on Library Resources. However,
both the amount snd range of directly relevant library work supported by
these agencies are limited and need to be expanded.

6.%.5 Fducation and Training

A limiting factor in the exploitation of technology is the ability and
preparation of library personnel to appraise and use technology. The need
to improve the readiness of library persornel to use applicable technologies
effectively has been recognized in the library schools and has led to intensive
studies for curriculum improvement. Agencies of the Federal Government have
also concerned themselves with this problem. This report endorses such
attention and encourages its continuation.

It is important that attention be given bosh to formal training and on-the-
job training. On-the-Jjob training is important because the administrative aud
technical personnel already on the Job are the ones who will be confronted
soon with decisions regarding new equipment, techniques, and approaches
particularly relating to participation in network operations. However,
remedisl educetion end traeining will not e enough. It ig hoped that current
efforts to improve library scilence and information gscience curricule, including
post-graduate work, will continue to be encouraged and supported, not only
by the Federal Government but by the library community itself.

Scholarships and fellowships have been made avallable in some subject fields
to attract a wider variety of people into training. Librarianship has had
relatively few students from scientific and technical subject majors. An
expanded program of scholarships and fellowships would help to change this
pattern.

Library schools themselves are not known for their affluent quarters and
equipment. Vast improvement is needed in physical facilities, especially in
terms of laboratory facilities for teaching and research with respect to
technology. For example, remote-access consoles could be used to expose
students to computer techniques; model installations of materials-handling
equipment could demonstrate the problems of moving library materials by
automated means.
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A four-year program is recommended along these lines:

Tirst year: Detailed planning for all aspects of training progranm;
preparation of new curricular material; public announcements of
scholarships, etc., and selection of first-year recipients.

Second year: Awards to selected schools for improving physical
plant and laboratory facilities; preliminary new curricular material
available; expanded scholarship and fellowship programs.

Third year: FPhysical plant and'laboratory facilities improvement
90% accomplished; additional new curricular materials available;
continued grant-in-aid piograms.

Fourth year: Completed capital improvement program; full-scale
evaluation study of new curriculum; other programs continued.

6.5 ORGANIZATION FOR ACTION

6.5.1 Basir Recommendsations

Sections 6.3 and 6.4 have identified a number of activities that we believe

would help to foster the effective use of technology in the service of U.S.

libraries. Before such activities can be undertaken, several things must be
done. They are listed here in the form of recommendations:

1., THE BASIC APFROACH OF USING HIGH-IMPACT PROJECTS, TOGETHER
WITH SUPPORTING RESEARCH, DEVELOFPMENT, EDUCATION AND TRAINING,
SHOULD BE EXAMINED AND, IF POSSIBLE, ENDORSED AS THE MEANS BY
WHICH LIBRARY IMPROVEMENT WILL BE SOUGHT DURING THE NEXT FIVE
TO TEN YEARS.

2. THE PARTICULAR HIGH-IMPACT PROJECTS AND R&D REQUIREMENTS
OUTLINED IN THIS REPORT SHOULD BE EXAMINED BY THE COMMISSION
AND BY OTHER INTERESTED MEMBERS COF THE LIBRARY AND INFORMATION
SCIENCE COMMUNITY, IN THE LIGHT OF OTHER ISSUES, REQUIREMENTS,
AND CONSTRAINTS; TO DETERMINE WHAT PRIORITIES THESE AND OTHER
POSSIBLE PROJECTS SHOULD BE ASSIGNED AT THIS TIME.

3. FOR THOSE FROJECTS SELECTED FOR IMPLEMENTATION, ARRANGEMENTS
SHOULD BE MADE TO DEVELOP MORE DETATLED OBJECTIVES, TOGETHER
WITH PRELIMINARY COST APPRAISALS AND IMPLEMENTATION SCHEDULES.

4. TOR THOSE PROJECTS SELECTED FOR IMPFLEMENTATION, ARRANGEMENTS
SHOULD BE MADE TO IDENTIFY ALL POTENTIAL SOURCES OF SUPFORT
AND, AT THE APPROPRIATE TIME, OBTAIN THE FUNDS NECESSARY TO
CARRY OUT THE PROJECTS AND PROGRAMS SELECTED.
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5. RESPONSIBILITY FOR MANAGING THE CONDUCT OF THE ACTIVITIES
INDICATED OR IMPLICIT IN THE FORWGOING RECOMMENDATIONS SHOULD
BE PLACED AT A HIGH ADMINISTRATIVE LEVEL IN AN EXISTING OR
NEW AGENCY OF THE FEDERAL GOVERNMENT OR IN A PUBLIC/PRIVATE
BODY CREATED FOR THIS PURFOSE.

Recormendation 1 (Approach) is intended to assure that there is a common
understanding of an agreement on the means by which the parties interested
in library improvement intend to work toward it. It can provide a means

for focusing the interests of the Federal Government, state and local govern-
ments, individual libraries, professional associations, manufacturers and
suppliers of relevant equipment and services, and the public itself. We
believe that the National Advisory Commission on Libraries is the appropriate
body to appraise this recommendation.

Recommendation 2 (Project Selection) is intended to assure that the parties
whose operations and services will be influenced by high-impact proJjects will
have an opportunity to comment on and influence the final selection of such
projects. One cannot expect to find unanimity in suvch an appraisal; neverthe-
less, one will be able to proceed with greater assurance and a better sense
of priorities after such an appraisal. It seems highly desirable that the
National Advisory Commission should initiate or arrange for the initiation of
this appraisal in the context of its own report to the President.

Recommendation 3 (Project Definition) takes cognizance of the fact that the
projects recommended in this repert are described at a rather general level
and that it will be necessary to develop more detailed specifications of
objectives, of facilities and resources, of equipment and personnel costs,
and of the time schedule under which development should proceed.

The descriptions given for the five network and systems projects (Section 6.3)
and for the progrem of supporting research, development, and education and
training (Section 6.U4) may be used as points of departure for the detailed
appraisal that must follow. Some very rough estimates of the cusis for
development and initial operations are offered in Figure 5 in order to

provide an indication of the absolute and relative magnitudes of the projects
as ve envision thew. The largest costs are for the library networks and
systems projects, which are necessarily broad in scope and involve, in some
instances, substantial expenditures for equipment and materials.

The cost figures are over and above present funding from all sources. Thus,

the program could require 400 to 500 million dollars additional over the

next five years for development and initial operations. No estimates are

given for continuing costs, but they would presumably be less than those for

the last year of each project's development and initial operations, particularly
since the hardware required for some of those projects would already have been
acquired. -
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. Reconmendation 4 (Project Funding) takes note of the obvious fact that any

D
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accelerated action program will require extensive funds. It is almost equally
evident that the Federal Government will be expected to provide most of those
funds. As indicated earlier, there are many parties with legitimate and
continuing interests in the future of libraries. All do not have equal power
to effect change. Thus, for example, while most of the support for the
libraries in the nation comes from local (tax) funds, the leverage of local
libraries to effect system change is exceedingly small, compered to that of
the Federal Government, because control of the funds is dispersed over so
many localities. The difference in the power to effect change may help, in
one sense, to ease the task of defining responsibilities for effecting
change. What each party "ought" to do may become, in part, a function of
what each party can do.

This does not mean that the Federal Govermment needs to carry the entire
burden of funding, nor that it needs to bear the costs of continued operations,
once the period of development and initial operations is over. Some of the
programs, for exemple, the Expanded Union Catalog, could be self-supporting

in a short time, perhaps almost from the outset.

Recommendation 5 (Program Management) recognizes that planning, starting and
managing the action program outlined above will require a high degree of
coordination and the involvement and support of the Federal Government. The
body responsible for the planning and administration of the library improve-
ment program needs to have high-level status and support.

It is obvious that the need for assessment and planning for libraries will ‘
not diminish or disappear once the present Commission presents its report;
changes will continue to occur and new technologies will need to be assessed

for their impact on current and planned library programs. To assure that
effective planning and implementation continue, a permanent body is needed.

Such a bndy would need to be responsible or make provisions for (1) keeping
informed on the existing and prospective state of library service; (2) planning
for improved library service at both nationsl and loecal levels; (3) develop-
ing legislative proposals; (k) coordinating vairious projects affecting library
serviece; and (5) planning and coordinating financial support, from both the
public and private sectors. Such a body wouléd require the participation of s
variety of persons with diverse skills, experience, and points of view and
should therefore include representation from the Federal, state and local
governments, individual libraries, professional organizations, manufaciurers

and suppliers of relevant equipment and services, and the public itself.

An organized group of this nature would be able to exercise the continued

leadership needed for & concerted netionwide effort to improve library opera-
tions and services.
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A number of possibilitles suggest themselves for the permanent body,

including the Library of Congress, some kind of independent organization--
pernaps a public/brivate corporation--or the National Advisory Commission
itgelf. The extension of the tenure of the National Advisory Commission on
Libraries is particularly attractive in that it would help to insure continuity
of thinking and planning and it would take full sdvantage of the interest,
expertise and commmication and working arrangements developed by the Commission
during i%e year of intensive work. If this approach were followed, it would -
be important to meke provicions for having high-level and diversified technical
staff support on a full-time basis, even if this meant "vorrowing" some key
personnel from Government or private organizations for a period of a year or

S0,

6.5.2 The Need for Momentum and Continuity

Whatever the planning mechanism recommended by the Comission, it is important
not to lose the impetus that will be provided by the Commission's work.

Leaving a sizable and indeterminaete time gap between the Conmission's work

and development and implementation of an action program would run the risk of
fostering a paralysis of the will and a resulting inactivity or delay in under-
taking needed improvements. It would also run the risk, particularly if

mich time passes without action, of inviting another status~-type survey
covering much the same ground as .the present Cormission has covered. Both
technology and the needs for library service are certainly changing,but not

so rapidly or erratically that they should encourage an endless succession of
independent assessments, discontinuous in time and concept. The need for
library improvement is clear, and so is the potential contribution of advanced
technology. Action is now needed to assure that the problems of libraries

are not relegated to the background of happenstance. An aggressive, concerted
and timely effort, using modern technology and every other means that can be
brought to bear, is needed to effect a nationwide improvement of our libraries.
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APPENDIX A: ' COMPUTER TECHNOLOGY RELATED TO THE LIBRARY

A-1 COMPUTER SYSTEMS

Within a short span of 15 years, intensive development work has brought
about truly amazing increases in capaclity and decreases .in cost for computer
systems. An extremely wide range of computers and assoclated equipment is
now avallable, with various configurations spenning & purchase range from
$6,000 to $10,000,000. . :

This section briefly reviews the status of computer technology as related
to library systems, highlights particularly important trends in suck
technology, and provides & prognostication of the state of the art in five
to ten years. '

A computer system consists of hardware (the equipment ) and software (the
progrems and instructions ). The earlier computers had much less hardware
capability than those being marketed today, and with additional software;
could perform meny of the same tasks now being performed primarily by
hardware. Supplying these capabilities in the form of hardware adds o

the speed of operation and, thus, reduces the cost of operating the computer,
though it raises initlal costs of hardware.

The hardware of the computer consists of five segments (see Figure A-1):

Central Processing Units

Main Memoriles

Mass Memories

Peripheral (Input/Output) Devices
Terminal Devi.ces

A-2 CENTRAL PROCESSING UNITS

The Central Processing Unit (CPU) is that portion of the computer complex
that actually processes the information, e.g., performs camputations,
comparisons, etc. The amount of computational capability bullt into the
CPU involves an engineering compromise between two alternatives:

(1) glving the computer user something inexpensive, but requiring him to
expend & large amount of effort to use it, and (2) providing him with a more
complex and expensive machine that requires him to expend less effort to
use it for those applications far which it is intended. Capabilities that
are not bullt directly into the CPU must be provided by computer programs.

., L ok a a wge
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PERIPHERAL (INPUT/OUTPUT) DEVICES |[€ | TERMINALS
. Punch Cards (1/0) . Teletypewriters
. Paper Tape (1/0) . Displays with Keyboards
and Light Pens
. Magnetic Tape (1/0)
. Optical Reader (1) —-._-. R
! Prensmission |
. Printer (0) ! Equipment |
CENTRAL MAIN
PROCESSING MEMORY
UNIT >
N
V

MASS

MEMORIES

TAPE

+ LTBRARY and/or . DRUMS

and/or

. DISCS  and/tr . OTHER

Figure A-l. Main Components of a Computer System
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data processing, rather than for problems of library automation. Nevertheless,
these units are more than adequate to handle any of the problems of library
date processing. The barriers that stand in the way of library automation

are not technical inadequacy of the CPU, but price, lack of adequate software,
too little peripheral memory cepacity, or limitations in the input/ output
equipment. .

In addition to being able to operate very rapidly, present-dey CPUs have & -
number of features that meke them more adaptable to library automation than
their predecessors. A perticularly importent feature, increasingly common
1. todsy's CPUs, 1s the external interrupt capability. With this feature,
external devices such as the teletypewriter can cause the central processor
to suspend its operation momentarily to read a character, and then return
to its previous operation. A multiplicity of terminals can thus be operated
simulteneously in this fashion by a large number of persons, each using the
computing capability and the date files of a centralized system in his own
particular way. Such multiple use is known as "time-sharing."

Most CPUs have been built for problems of scientific computetion or business
:
|

Another importent feature of present-dsy CPUs, necessary for time-sharing,

is called memory protection. With this feature, each of the meny simultaneous
users can operate with the assurance that another user cannot alter, or even
read, his program, if the latter is a consideration. This feature can be
extended to protect data as well, and lends itself to systems that can
operate with sensitive or classified information.

A-3 MAIN MEMORIES

Computer storage (memory) includes a wide range of storage media that differ
in the relative speed and ease with which the CPU can obtaln information

from them. The fastest, most easlily accessible, and most expensive storage
ie called main memory or internal memory.l

; A large percentage of present-day main memories are made of arrays of

| magnetic cores. Within the past 15 years, with improvements in manufacturing
‘techniques, core memories have increased in speed from a 10-microsecond cycle
time for performing one cperation to & l-microsecond cycle time. During the
same period, the cost has drcpped from over $1 per bit to the present approxi-
m . ely 25¢ per bit, and it is not unreasonable to expect cost to decrease to
only & penny & bit.2 Since a typlcal large computer may have from one- to five-
million bits of main memory, this is an important factor in the overall cost

of the system.

T TR AT A o e e v e T

1ivemory" and "storage" are used interchangeably here.

2Bit stands for "binary diglt,"” the elementary unit of information stored
and processed by a computer. Ordinarily, six bits are required to represent
one character or symbol, if the number of symbols is limited to 6l.

©
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It is doubtful that ancther order of magnitude in speed improvement will
occur in core memories in the next decade. Other types of main memory
devices are emerging, including thin films, lategrated circults, plated wire,
laminated ferrites, cryogenic devices, and others. It is difficult to say
which will be the most successful. Most of the newer types are more ex-
Pensive than cores, but have & speed advantage. However, even todsy's
internal storage is generally adequate for handling library prcblems.

A-L MASS MEMORIES

Mass memory--or bulk storage devices--provide large stores of accessible data
for computer systems. Present-day memories of this category include maguetic
drumsiadiscs, and various forms of magnetic tape. Some of these can store up
to 10 bits,3 at a fraction of the cost of core memory storage. The penalty
for this greater capacity and lower cost is time. Information generally has
to be read from external storage into internal storage before it can be
handled by the CPU. BExternal storage requires millisecords for access, rather
than microseconds (as in the case of core memories).

A-lk. MAGNETIC TAPES

Magnetic tapes are considered here as falling into the category of mass
storage devices. However, their use as such 1s decreasing year by year as
faster-access storage such as drums and discs becomes larger and cheaper.
Magnetic tape was the first form of computer storage. It has many advantages,
perhaps the foremost being that it 1s the least expensive of the many forms
of storsge. It 1s also easy io store; the only limit is that of space
requived to maintain the reels in a library-like stack. In addition, mag-
netic tape (as well as the punched card) has the virtue of almost universal
readability by a multitude of different machines. Where readability is not
directly possible, it is usually easy to translate from the form required
by one machine to the form required by another.

The main disadvantage of magnetic tape is its relatively slow speed. FEven if
the tape is already mounted on one of the tepe-handling devices assoclated
with the corputer, one has to wait for the tape wheels to rotate so that the
desired portion of informetion is in position to be read by the computer.

3This is the file size mentioned in the Xing report in connection with
cataloging the information at the Library of Congress. It is the equivilent
of 40,000 reels of magnetic tape, or 33 billion English words. (Hereafter
storage capacities and costs will be discussed in terms of English words
rather than bits. The erbitrary but reasonable rule will be followed that
30 bits = one word in binary form, not binary coded decimal.)
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Up to five minutes .uey be required to pass from beginning to end of a tape.
Often one must wait for location of the tape and manual placement of the
tape on the machine. In spite of such limitations, magnetic tape is still
considered so versatile that almost all computer systems provide for a
number of tepe drives. Thus, it is likely that magnetic tape will remain
the major backup storage for the large amount of information that 1s
required for library operation. . '

Present-day tapes have recording densities over 50 words per inch, and a
Lypical 2400-foot tape can hold the equivalent of over one million English
words. This data can be transferred at a rate of about 50,000 words per
second. Both density end speed will probebly double within ten years. The
present cost of tape storage is only about .0l5 cents per word,“ which is
far cheaper than discs or drums. If the user can tolerate the relatively
slow access time, which may be as high as several minutes, magnetic tape

is the medium to use.

A-L.2 MAGNETIC DRUMS

Drum storage has been in use almost as long as tape storage. Magnetic
drums were origzinally used as internal storage on the earlier computers
and some inexpensive computers still use them.

Drum storage has the advantage of requiring a much smaller access time than
tepe. The fastest drums have en access time of less than .0l seconds and
can transfer words at virtually the same rate as core memory. One generally
never needs to wait longer than one drum revolution in order to get the

date that are required.

Drum storage is, in one sense, a compromise between main memory storage and
tape storage. Drum capacity (up to 333,000 words) is smaller than tape
capacity, but grester than that of main memories. The access time 1s slower
then mein memories, but faster than tape. Storage cost is on the order of
3¢ per word, far less than core storage but greater than tape.

One deficiency that drum storage has in comparison to tape storage is that
+he device itself cannot be disconnected from the computer: drum storage
gteys with the computer and presumably has its information removed when

uEWaluating the cost per bit of magnetic tape is dlfficult. One reel of
magnetic tepe costs only $25, but the tape drive and part of the controlier
must also be eamortized, and the access time must be comsidered. If access
is restricted to a mounted reel (resulting in an access timz of several
aciliseconds to three or four minutes), one cost will he derived. If sccess
time were five or six minutes, which would include mounting a reel, the
apparent cost would drop by two or three orders of megnitude. The former
case has been considered here.
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the next problem or task is run. However, drums are seeing substantial use
in time-sharing computers and will undoubtedly continue to be ilmportant for
some time.

A-4.3 MAGNETIC DISCS

Use of magnetic discs for storage came next in the development of computer
storage media. The disc device looks somewhat like a jukebox, with many
discs contained in & stack. The amount of time to get information from a
disc 1s roughly the same as that for getting it from a drum, once the
desired disc 1s accessed by a reading head. In general, discs have slower
access than drums because one may have to walt for the reading head to be
applied to the proper disc. (Some machines reduce this problem by having
more than one reading head availsble.) Discs make a good compromise
between drums and tapes, both in terms of capaclity and speed. The cost for
storage 1s roughly the same as that of drums (about 3¢ per word). It is
unliﬁely that this cost will ever drop to that of magnetic tapes (.015¢ per
word ).

A recent development in discs gives them a much greater advantege over the
originel disc-like external storages. This 1s the development of the disc
pack, which allows a small group of discs to be removed from the computer

in the same way that a magnetic tepe can be removed. Thus, the advantege

of non-serial accessibility of the disc 1s married to the advantage of

belng able to remove discs when the machine 1s to be used for other purposes.
In fact, many new computer systems have been sold without tape-handling
capability at all, with total relliance on disc packs. The disc pack will be
important for holding the genereally changing dats required for the operation
of librarica,

A=l b JIHER MEMORY DEVICES

Ocher forms of mass memory are being developed or produced. One type that
kas the highest capacity, and lowest cost per stored word, is the "photo-
scopic" disc, which is a photographic, reed-only memory. These devices,
with capacities up to 33 billion words, could be generally available in the
next few years at a cost of about .03 cents per word. Since they are not
magnetic, updating a disc 1s & photocopylng operation and takes longer than
upderting a megnetic drum or disc--minutes rather than seconds. However,
photoscopic discs are ldeally sulted to operations involving a relatively
stable kind of information, such as dictionaries or authority files that
must be consulted frequently. Libraries have many such flles.

Research and development are continuing on assoclative, or '"content-
addressable, " memories. If economical assoclative memories could be
developed, they would have importent applications in libraries, where the
retrieval of entries could be based ov. coincldence of a part of an input or
query pattern with a part of the stored reference patterns. Assoclative
memories are still in the laboratory stege, and 1t seems unlikely that
adequetely large ones will be available within the next five to ten years.




|

15 November 1967 -105~- ™-3732

A-5 PERIPHERAL (INPUT/OUTPUT) DEVICES

A-5.1 PUNCHED CARDS

The punched card--& populer storage medium in the pre-computer era of
electric accounting machinery--continues to be the main input for some
kinds of data. It has some advantages over other types of input which
mey never be overcome. One of the chief ones is that a small portion of
a program or set of date may be added, deleted, or changed convzuiently.

On the other hand, punched card equipment is extremely slow for input and
output to & computer. Thus, it is inadequate for handling large quantities
of date. In addition, most punched-card equipwent provides for only 64
characters. This tends to suppress the type of information that 1s carried
by different, type fonts in libraries. The distinction between upper case
and lower case 1s usually lost. Some punched-card machines will handle
larger character sets, but these are generally avallable only on special
order.

A-5.2 PAPER TAPE

Peper tape has long been used in communications and has found good use as a
cheap input/output mediunm in computer systems. Many of the smallier computers
have used this as the prime means for entering programs. Punched paper tape
overcomes some of the drewbacks of the punched card. It is usually created
on & typewriter-like device and can represent the full set of characters
found on typewriters. The ease of keyboarding and of inputting paper tape
to the machine is camparable to that of punched cerds, and on output, one
gets typescript with the full range of typewriter characters.

Paper tape readers and punchee can be essociated with (and even interchanged
with) teletypewriter keyboard-printer devices. They are able %o transmit
messages rapidly and accurately, and they can store messeges and send them
on request of the computers to which they are attached. Use of paper tape
ag an input device will probably increase as time-sharing terminals become
more prevalent.

Pap-<r tape output is qulte slow, because it is character-by-character,
rather than card-by-cerd (as with punched cards) or line-by-line (as with
computer line-printer). It is fregile, compared to cards, and als> rela-
tively dlfficult toc search. Since it is a serial medium, one may have to
scan the entire tape, character by cliracter, to find a particular item.

In this respect, it is much less satisfactory than a properly arranged file
of punched cards.
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A-5.3 MAGNETIC TAPE

Magnetic tape has been referred to above as a form of external storage for
the computer. It also lends itself naturslly to being an input/output
medium. Since the early 1950's, there have been devices for keyboarding
information directly ontc magnetlc tape. Such devices are as easy to use
as punched paper tepe for purposes of inmput. In addition, magnetic tape
has been the natural form of output from computers for many years. Some
high-speed printing devices work directly from magnetic tape. High-speed

typesetting is possible from megnetic tape, e.g., devices produced by Photon,
Mergentheler, etec. :

A-5.4 OTHER INPUT/OUTPUT DEVICES

Another class of input/ output equipment includes the typewriter or typewriter-
like devices. These are discussed in Section A-6, Terminal Devices, since
they are particulerly adapiable to an on-line mode of operation.

A=5.5 OPTICAL READERS

Optical readers are rather speclallzed computer input devices, intended
primarily for preparing maessive amounts of text for computer processing.

Many of the speculstions on future library automation involve the assumption
thet there would be a computer-readeble version of the text of documents.

Since early languaege-processing research required little text, most researchers
were content to have material keypunched for the computer, at about 1l cent per
English word. This would be very expensive, of course, for large-scale
conversion of library holdings. Calculations showed that few, if any, of the
developments in large-scale information processing would reach the point of
economic feasibllity unless a much less expensive technique was discovered for
putting already printed text into computer-readable form. This conclusion led
to the development of the optical reader, or, as it is sometime called, the ‘
optical scanner.

Optical reeders scen pages of print and write whet has been read onto magnetic

. tape, punched cards, or directly into the computer memcry. Current readers
haeve widely verying cepebilities and prices. Some that sense marks (not
cherascters) cost about $20,000. Others that can sense a variety of fonts,
and even a limited amount of handwriting, cost from $200,000 to $500,000.

i Considereble progress is being made in optical scanner technology. Ten years
ago the only fonts thaet could be resd were highly styllzed and, although
readsble by people, unnatural in esppeasrance. Iater advances allowed optical
character readers to read a few typewriter fonts, and at present some charac-
ter readers can read several fonts, printed or typed, with high speed,
accurecy, end economy, provided there is unsmudged text on clean paper,
properly placed. Although there are predictions that in ten years almost any
document will be readasble by machine, general-purpose text readers will
probably not be available that soon.
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The opticel scamning technique is useful as & substitute for keypunching,
and it will probably be more so for libraries or other orgenizations that
either have a sufficlent volume of sultably prepared information to be able
to afford their own optical character reader, or can conveniently send the
materisl to & service bureau. Keyboarding could be done on ordinary type-
writers (with a standardized typeset) by people trained as typlsts, instead
of belng done on more expensive punched-card, paper-tape, or msgnetic-tape
equipment. It is unlikely, however, that it will be useful or economical
to libraries as & technique for reading the bulk of present holdings, even
if that were desirable.”

A=5.6 HIGH- PRINTERS .

The high-speed line printer is the usual mesns of printing output from a
computer. Such printers operate at over 1200 lines per minute, each line
of which can be over 130 cheracters wide. The quality of print turned out
by high-speed printers is usually poorer than that produced by typewriters,
and 1t is considerably poorer than the quaellity of any formally printed
material. In part, this lack of quelity stems from the fact that most
printers are only equipped to turn out upper-case lettere, numerals, and a
few speclel characters. Printers with both upper- end lower-case letters
have become available, but all of them are somewhat slower than the
equivalent standard upper-case only printers.

A-6 TERMINAL DEVICES

The previous section was concerned with input/ output equipment used in an
"off-1ine" manner. In the off-line espproach to the use of the computer,
humen intersction with the machine is foregene in order not to slow it down
walting for the much slower-reacting human. The devices discussed here are
intended for use in situations where the mean and the machine interact in
"pegl time." Since the matter of date transmission is closely related to
the use of terminals, it will be touched on briefly, even though it 1s
primarily the concern of other commissioned reports.

For meny years now, there has been interest in providing techuiques for
humen interaction with the computer while it is operating. Current tech-
niques attempt to preserve some element of the computer's great speed by
having meny persons coupled to the computer at the same time. Two general
classes of equipment are currently being used. One 1s the relatively

2 The ideal situation is one in which keyboarding is done only once for any
glven item. Since the publisher of a book or repert must keyboard it, it
would be a great convenience to have a mechine-readable output of that
keyboarding. Even without mechine-readable tapes or optical readers, a few
1ibreries are attempting to make one keyboaerding serve several purposes,
e.g., order preparation, in-process llsts, catalog and production,
circulation control, etc.
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inexpensive typewriter-like device. The other is the much more expensive and
sophisticated console with a cathode ray tube.

A-6.1 TYPEWRITER-LIKE DEVICES

The most commonly used terminals are keyboard devices, e.g., typewriters.

The input rate depends on the user's skill, which is well within the 14.8
characters per second ellowed by the transmission line. Output is likewise
limited, but there are lines that allow transmission at more than 14.8 c.p.s.
In that case, output speed is limited by the terminal, which is commonly
gbout 10 characters per second (approximately 100 words per minute), although
there are special terminals that will accept about 20 characters per second.

There are a variety of modems (modulator-demodulators) avallable for coupling
teletypewriter terminels to telephone lines. The most common are those pro-
vided by the telephone companies themselves. Another device, which has come
into popularity within the last year, is the audiocoupler. This permits the
connection of a teletypewriter to a computexr via telephone. The main ad-
vantege of this technique is that the device is porteble. It is not yet as
relisble, however, as a permanent comnection via data set (imput/output
interfaces between telephone lines and the computer or terminal). The
pushbutton or a touch=-tone telephone is also seeing some use for input to

a computer.

Terminals may be connected to a computer either by leased line or by a
dial=up service. With a leased line, the connection is always available

and the quality of transmission is likely to be somewhat better. The dial-up
service is more cconomical, uniess the terminal has a very high usage factor.
For exemple, a leased line across the country for a teletype would cost about
$3000 per month. A dial-up service would have to be used over 100 hours a
month to cost an equivalent amount.

One of the advantages of typewriter-type equipment is that it is relatively
inexpensive. The cheapest send-receive teletypewriter (Model 33) can be
purchased for $470, a price that is not likely to change drastically in the
next few years. Other keyboard-itype terminals (not common-carrier) cost up
to $3000. Another advantage is thet typewriter-like devices require little
training in their use. Also, they can be located thousands of miles or even
a continent away from the computer. The low-capacity lines needed to use

the teletype have already been installed for other (commercial) reasons. The
primery disadvantages have to do with output. Speed is limlted because of the
;mechanical slowness of a one-stroke-at-a-time device, and the variety of

output is restricted to those characters found on typewriters or teletype-
writers.
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A-6.2 CATHODE-RAY-TUBE (CRT) CONSOLES

The next most common type of men-machine interactive terminal is the
cathode-ray~-tube (CRT) display console. CRTs can be divided into two
categories, based on vastly different prices and capabilities.

The cheaper CRTs are relatively small devices=--about the size of a lh-inch
TV--with an alphanumeric keyboard end perhaps some other control buttons. -
The keyboards function much the same as typewriter keyboards, providing
direct input to the computer or causing -a character to be displayed on the
face of the CRT, or both. Some consoles have considerable editing
capability, permitting a message to be composed and displaeyed, enlarged,
shortened, altered, rearranged, etc., before it is transmitted to the
computer. '

The display usually allows only alphanumeric characters, but some of the
terminals have & limited graphic capebility, permitting the dlsplay of bar
charts and the like. A typical number of displayed charscters is 1000 per
display controller. Each controller can drive a number of CRTs, and the
1000 characters are divided equally among the consoles. The quality cf the
image 1s poorer than the printed quality received through a teletypewriter.
One compensation for this reduction of quality i1s the fact that & full
screen of print can be placed in front of the user almost instantaneously.

Most of these consoles are made to operate remotely from the central computer,
but at each remote site a display controller device 1s required. Since these
controllers are made to drive a number of terminels, the cost of any isolated
terminal must also include a controller. Consildering e system where con-
trollers are adequately utilized, this class of display console (with its
amortized share of the comtroller) costs about $6000 to $7000.

Much work is being done on the development of cheaper CRT terminals, and by
the end of the next decade they should be down to the price of a commercial
TV set. Another approach in reducing the cost of a CRT terminal is the
development of a communication method whereby the display controller can be
centrally located, or the development of a practical stcrage tube that does
not require continuous transmission of data (as does TV).

Present-day communication links for display consoles of this type can use
telephone lines of voice-grade quality. Here again, a variety of data sets
are avallable. The most popular of these are products of the common carriers.
Privete lines having an adequate bandwidth (e.g., send 300-400 characters per
secord) cost about twice as much as telegraph lines. Dial-up service closely
approximates that of telegreph (teletype), i.e., & transmission speed of

14.8 characters per second. While these speeds are likely to increase they
will not approach the speeds of dedicated lines.
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The more sophisticeted consoles in the second group cost from $25,000 to
$200,000 apiece. These devices have larger tubes (19 to 23 inches); can
Present more data; have curve-drawing and other graphic capabilities, and
have 1ight pens that can be used as switches (triggered by displayed datea)
or as pens for drawlng curves on the CRT, plus numerous other character-
lstics. Some of the more elaborate display consoles have the capability of
mixing computer-generated data with rear-projected slide or film-strip
images. These may even be in color.

No attempt to locate these consoles remotely from the computer has been
made, except experimentally. Effective use of this kind of console

requires a high rate of information tiansfer between console and computer,
and common practice has been to limit the distance to one or two thousand
feet. For longer distances, microwave links or video cables--with their
inherently high costs--must be used to provide connection lines with
sufficient bendwidth. An alternstive is to use a small peripheral processor
at the remote site and commumicate between processors with a slower and less
expensive channel (2 KC may well be adequate).

A-6.3 OTHER KINDS OF TERMINALS

Another type of output terminal that has seen some limited use and has

shown promise for application is the audio response unit. Designs range
from devices that store a limited number of words to those that synthesize
output messages from a stored vocabularly of words, or even synthesize words
from stored phonemes. (This latter device is not commercially available.)
A typleal device can hold over 60 indivigual message segments of 1.6 seconds
duration. This is Probably inadequate to synthesize the variety of messages
most library systems might require. Another audio response device has a
vocabulary of 127 words; still another provides for a large vocabulary to
be stored in "digitally coded voice. " The latter system requires a million
bits to store 750 words. Both of these devices are quite expensive--in the
$30,000 to $50,000 range.

One manufacturer has developed a family of equipment that permits converting
Pictures to digitel data and transmitting them to a computer. The reverse
Process 1s also possible, l.e., synthesizing a Plcture from digital data
transmitted from a computer. The major adventage of this system is the
speed wi%h which it operates. It will, for example, allow transmission of
Printed material in 8-point or larger type at a rate of about 10 quarto
bages per minute. Without involving the computer, the device could convert,
transmit, and reproduce texu at an acceptable rate over a moderately priced
transmission line, such as Telpak A.
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APPENDIX B: PROCEDURAL TECHNOLOGY RELATED TO THE LIBRARY

B-1 INTRODUCTION .

There are & number of applications of data processing equipment that are

much more dependent on the solution of conceptuel problems than on hardware.
we will refer to this group of applications as "procedural technology," to
distinguish them from the kinds of technology discussed in Appendices A and C.
It is important to note that even though the equipment and procedural tech-
nologies are necessarily interrelated, they do not necessarily develop at the
same rate.

Most of the procedural technologies discussed in this appendix are computer-
oriented, although a great meny menual and mechanicel techniques are also
utilized to meke specific library operations more efficient. Scme of these
are discussed in Section 4 and in Appendix C. They include photographic
systems of various types, as well as edge-notched, punched-card and "peek-g.-
boo" card systems. All have their place in library technology. However, it
seems fairly clear that computer technology has greater potential for the
immediate as well as for the more remote future of libraries.

Eech of the technologies discussed in this secticn is considered to have
some degree of potential applicability to library systems., The objective of
this eppendix is to define and discuss each procedure in sufficient detail
to indicate the bases for statements and conjectures made in the main body
of the report. As will become apparent, the various procedures discussed
are interrélated; the distinctions implied by the separate headings in this
appendix are for convenience of presentation. .

B-2 DOCUMENT STCRAGE AND RETRIEVAL

B-2.1 DEFINITION AND PURPOSE

Document storage end retrieval is concerned with methods for orgenizing and
menaging collections of documents (recorded information) to facilitate their
recovery as they are needed. Defined in this general way, document retrieval
is hard to distinguish in principle from the kind of activity that libraries
have performed for centuries. (It also shares many aspects of business
record keeping.) What distinguishes the field from more conventional library
operations is the reliance upon mechanical and electronic ailds and associated
procedural technology.l

lThe term "information storage and retrieval," originally introduced to
describe the kinds of activity we are discussing, is ambiguous and does
not help to distinguish between retrieving a document or document citation
and retrieving information or data contained somevhere within the document.
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The terms "date management" or "data retrieval” are often used to refer to
storage and retrieval operations in which the records are not documents but
more discrete, often numerical, items. Invariably, such data are stored in
highly structured and formatted files for ease of handling. This is not
usually the case in document files, which consist of variable-length records
' with different kinds of textual data. Inventory records and stock market
quotetions are examples of data files. Success in processing such highly
orgenized files antedates and still outdistances achievements in document
handling. There are differences as well as significant similarities in
the processing techniques used in both of these activities. However, in
this discussion, document storage and retrieval systems, rather than datea
retrieval systems, will be the main concern.

A few specialized techniques that are closely related to the problems of
document :'torsge and retrieval (such as automated indexing and automated
classification) are discussed separately below for purposes Of emphasis
and clarity (see Sections B-3 through B-6).

iy i e o

B-2.2 STATE OF THE ART

Systems designed for purposes of document storage and retrieval include
several key processes: (1) analyzing of incoming material to create some
representation that may be stored in the file; (2) storing the material and
its representation in appropriaste files and arranging for their later mani-
pulation, as needed; (3) analyzing of information requests and converting
them into & search prescription; and (4) searching the file to match the
prescription against the stored data, to provide "relevant” responses. Some
document storage and retrieval systems--particularly those tailored to
handle standing requests for various kinds of information--are referred to
as "selective dissemination" systems. Conceptually, selective dissemination
is a service that can be performed by any comprehensive document storage

and retrieval system, and should be considered as an integral part of such
a system rather than a separate entity.

The state of the art in each of the four basic processes listed ebove is
sufficiently different to werrant a separate discussion for each.

B-2.2.1 Document Analysis and Representation

Operational information systems, even those with a very high degree of auto-
mation, do not presently use computers for analyzing and preparing repre-
sentations of documents. This is because it has not yet proved possible to
build into computer programs all of the kinds of considerations that human
document analysts and indexers bring to their decisioms. Although there

hes been nearly a decade of interest and work in automstic indexing,
abstracting, and classification for providing representations of documents,
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there is not yet a satisfactory cepability of identifying autcmatically those
aspects of a document that need to be preserved in the representation.

A basic technical problem is that all analysis and represcntation involves

a subtle and often unconscious process of comparison with other documents
being processed or already in the store, or with previocusly expressed user
needs. No adequate means have yet been developed to provide such information ;
to the computer system. |

Despite this problem, & degree of success has been achieved with relatively
simple tools such as permutation indexes, in which individual key terms in i
s, document title are automatically alphabetized by the computer and the ; i
terms, plus title context, listed as an aid to document search. This level :
of representation has not proved adequate to meet the search needs in most
document storege and retrieval systems, since the index consists only of
words actually used in the title, and there are no vocabulary controls.

Another technique in which something like antomatic representation can be
done is the so-called "full-text indexing," in which the computer makes a i
concordance of all of the "content" terms in a document and their location
in the text. Such systems are already technically feasible for the produc-
tion of concordances. They can be useful in those instances where one can *
afford to store full text in a computer and where one requires the capability
to search on the basis of any term mentioned in the text. There are few,

if any, installations in existence where full-text indexing is in operational
use, ‘

Although sutometed data processing techniques can be used to provide a number
of valusble aids for document analysis and for the preperation of representa-
tions, at present such functions still remain in the province of the skilled
librarian.

B-2.2.2 Storage and Manipulation

Document systems are concerned with two kinds of storage files--those that
store the document itself, and those that store the document representation.
These two files may be kept separate or merged; most systems keep them .
separate. Some document storage and retrieval systems maintein a micro- _
form file of “heir holdings, but this is not for processing by the computer
itself.

In no operational system is the full text of all the documents in the
collection stored in the computer for search and retrieval, because (1) it
would be expensive and time-consuming to code all this information;

(2) grephs and photographs would be very difficult to code; (3) computer
storage facilities are expensive and limited--even megnetic tape files would
not be large or cheap enough; and (4) most importently, such full text
storage 1s of unproven value for operational systems.
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One potential advantage of having the full text of a document availeble in
machine-readable form for computer processing is that an automated analysis

of the document could be made and representations of the document could be
prepared. However, as was pointed out, automated document analysis is still
in the research stage. On the other hand, considereble progress has been
mede in using the computer to manipulate more limited sets of representation
data, such as accession numbers, titles, authors, citations, etc. Such
document representations can be sorted, reordered, restructured, displayed,
and otherwise processed in many ways, depending on the capabilities built
into the particular computer program. Although there is a great deal of
current activity and discussion on file organizetion and dats management,

most of it is focused on gquestions of the economics and efficiency of particu-
lar techniques, or on the best means to take advantage of changing hardware
capabilities. In this vein, one a.=a currently receiving attention is that

of generalized date management systems, i.e., computer programs and procedures
that permit one to create, merge, or restructure new and existing files within
an existing programming system without extensive reprogramming. Most date
menegement systems have not been mainly concerned with the manipulation of
natural language text or unformatted data, but there is a trend toward
consideration of text-processing and editing features for such systems.

The primary advantages of generalized date management systems are that:

(1) the same basic programming system can be used by any of several infor-
mation facilities (for example, libraries), with each facility using only
those aspects of the program that address its particuler requirements; and
(2) any given facility can modify its processing procedures without needing
to rebuild an entirely new, special-purpose program. The primary disadvantage
of such generallved systems is that they are larger and more complex than
special-purpose programs and therefore less efficient and more costly

to operate on the camputer. Operational efficiency is traded for general
utility. To date, the applications to library problems have generally been
of this generalized type and, therefore, have been less efficient for this
specific application than if e specialized program had been written for
each application.

B-2.2.3 Requests Analysis

Like the analysis of documents, the analysis of information requests is

largely a humen activity in most document storage and retrieve- facilities.

The user generally provides some kind of description of the kinds of infor-
mation he is seeking; sometimes a reference librarian or information specialist
must review the request, perhaps in consultation with the user, and convert

it into a set of terms that he thinks will be most likely to retrieve docu-
ments relevant to the user's needs. The task of sutomation here is tc

convert written requests into an effective set of search terms without the
help of a human intermediary. This has not been achieved yet in an opera-
tional system. However, the autometion of this area may be less difficult
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than dccument analysis, if for no other reason than that information requests
are much shorter and therefore require much less condensation and conversion

to provide suitable search avenues to a file.

One type of arrangement that promises to be fairly successful is to have the
user communicate his information needs directly to the computer via an input
typewriter console. At present, such arrangements conetrain users to communi-
cate in specific "authorized" subsets of English. However, promising research
is under way to provide better computer "understending" of less restrictive
subsets (e.g., natural English) or to permit an interactive "negotiation" or
"interpretation™ of the query. The latter efforts are still in the recearch
stage, and have not yet provided tools for operational use.2

B-2.2.4  File Searching

The manner in which a file is searched is highly dependent on both its
originel mode of organization and the kind and configuration of storage
media available. Here, the procedural and equipment technologies are very
closely interrelated. '

There are two basic file organization strategies that cean be used in document
storage and retrieval systems: +the unit record file and the inverted file.
' the unit file, each document record (e.g., citation, index terms, and,
perhaps, abstract) maintains its integrity. The standard library catalog
card is an exandle of the unit file.

Until the development of the coordineste indexing system, most libraries used
a set of unit cards, such as IC cards, for main end added entries, including
subject headings. In the card catalog the unit subject heading cards are
usually arranged by authors for the subsets of each subject.

In contrast to the unit cards, with classification numbers (call numbers)
as well as &all the descriptive information and tracings on each card, |
coordinate indexing cards are simply subject term cards with only document
accession numbers posted on them. They are called inverted cards and their
files are referred to as inverted files. This system was developed for
report literature and journal articles. Separate files are maintained for
other indexes to the document collection, e.g.; author index and source
index.

Both unic-card end inverted-card files can be used for computer storage and
retrieval. Eac: system has its own advantages and disadvantages. The unit

2Some already operational systems allow the user to specify search terms, on

line, to the camputer. These systems are not considered to involve request
analysis, in the literal sense.
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record file system must add approximately five new records (filed by author(s),
title and subject(s)) for each new document added to the collection. The
inverted file grows much more slowly, since only the new document numbers

need to be posted on existing records. A new record needs to be created

only when a new index term is authorized. However, the other indexes to

the inverted file continue to grow. '

Recent studies have shown that for automated retrieval systems based on
magnetic tape as the storage medium, the use of an inverted file may hinder
rether than enhence retrieval, and further, the index itself must be
constantly updated, thus making maintenance operations more complex. Also,
more time is required to purge the file or modify terms applied to an entry.

When one moves to more rapidly accessible storage media that are not limited

to sequential access (e.g., discs, drums, and core memory ), the difficulties

with the inverted file are substantially reduced. How, precisely, to teke

best adventage of rapid-access storage media for more efficlent search is

currently the object of considerasble interest and work, with several tech-

niques of file organization, data addressing, and data association vylng

for favor. The best conclusion that one mey draw at this point is that

__ _ many alternative techniques of file organization and search are available

for & particular installation, and the primary questioms are those of— — - .
efficiency, not capability.

The most aifficult search problem, from the stendpoint of systems that deal

with documents, is to locate relevant information in the computer file

having a description that is different from that expressed in the query. i
This problem is, of course, exactly the same for manual systems as it is ’
for computer-besed systems. However, the computer has been demonstrated

to offer some special capabilities for dealing with this prcblem. For

instance, cne can develop and store a fairly large thesaurus and/or authority

list in a computer file so thet translations can be made automatically

between the query and the contents of the file. Thus, a single term used

by & requestor (or the librarisn) can be expanded into a set of related

terms to enhance the likelihood of covering relevent material. Should

some of the terms used in the query not be authorized index terms in the

particular system's vocebulary, the compuer can--in many instances--make

the translation to lezitiwate terms autom: tically. Such capabilities are

already in operational use, and more powerful cepabilities are well within

range.

[ B-2.3 FUTURE DEVELOPMENTS AND APPLICATIONS

Tn the next five to ten years, we may expect to see substantial, continued
. improvement in techniques for document storage and retrieval, quite apart
| from the advances in equipment technology and linguistic knowledge on

| which (in part) they ultimc*ely depend. There will almost certainly be
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acceptably efficient computer aids to human indexing and classification,
using machine-readable inputs that are provided by optical readers or that
are by~products of publication. Techniques of file organization and search,
currently lagging behind equipment technology, will probaebly keep up reason-
ebly well with the increasing demands placed on them by the very large files
that new equipment techniques are providing. Too, the present somevwhat
embryonic techniques for direct interaction with the file--already accepted
in the intelligence community and increasingly mentioned in "libraries of

| the future" discussions--can be expected to become relatively commonplace

. in research-type libraries that car afford some degree of computer assistance.

Although many technical problems must be overcome tu make substantial improve-
ments in document storage and retrieval techniques, the most serious problems
may be those of cost rather than those of technical feasibility. Thus, the
widespread applicability of document storage and retrieval techniques is
heavily dependent on the degree to which success is achieved in providing

cheaper and more powerful camputer equipment (see Appendix A for details
on computer technology).

B-3 AUTOMATED CLASSIFICATION | |

B-3.1 DEFINITION AND PURPOSE

Most libraries in the United States use some kind of clessification system !
(either the Library of Congress or the Dewey Decimal scheme). The basic §
purpose of such systems is to group together textual objects that are ’
conceptually related.

The purpose of automated classification techniques is to use camputers to
subdivide & mess of materials into orgenized groups, to improve the effiziency
of searching. There are two aspects to automated classification: (1) defining
the groups that constitute the classification scheme and (2) assigning
naterials to particular groups.

B-3.2 CURRENT STATUS

The basic objective of current research and development in automated classi-

fication is to optimize the grouping of documents for canputer-based storage )
and retrievsl snd to assign each document to its proper group or groups by b
using programs that substitute cocmputer manipulation--in whols or in part--

for human judgment. A secondary, but nevertheless important, obJjective is

to have the capability to detect changes in the character of the collection

(sutomaticelly) and, accordingly, to modify and update the classification T
scheme and the document assignments.

S~

Thus far, studies have shown that computers can be used to generate classi-
fication categories that look reasonsble and that have a moderate amount of
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agreement with categories created by human classifiers on the same material.
Studi~s have also shown a moderate amount of agreement between human and
computer sorting of documents into prescribed categories. (It must be
rememberad that humans show only a moderate amount of agreement with each
other on such tasks.)

A basic procedure commonly employed in genersting an automated classification
scheme is to compare a list of words or word pairs from (or representing)
each document with a similar list from every other document +*n a collection,
and to use various mathematical and statistical sorting techniques to
construct a number of categories that encompass the full range of material
and yet permit a reasonsble subdivision. The second step, classifying docu-
ments into the previously determined categories, is accomplished by preparing
a list of "clue words" which best distinguish each category from all others,
and then comparing each document against the various clue-word lists for

best fit.

Research to date has identified a number of problems that must be solved
before automated classification can be accepted as a useful adjunct, much
less as a serious competitor to conventional classification systems:

l. A problem inherent in any classification method based upon
the words used in the document is that there is not a cne-
to-one correspondence between the exact words in the document
and what the document is about, or in what it is saying about
the subject matter. Whereas humans cen see the ssme "concept"
in many alternative sets of words, present autometed clessi-
fication techniques are closely tied to the particular words
the documents heppen to use. Providing the computer with an
adequate repertoire of word-concept transletions may not be
impossible, but it is difficult and hae not yet been demon-~
strated.

2. A second problem is that there are many different ways of
conceiving of, and measuring, document similarity. Each has
proponents, but an intelligent cholce cannot be made until
evaluation criteria are better developed.

3. A third problem has to do with the size of the document
collection that can be sutomatically classified. Most
experiments have used only a small daia base of a few hundred
documents. There is now some indication that the data hase
can be enlarged, but this stilil has to be demonstrated in
practice.

4. A fourth problem has to do with the depth of indexing required
to provide inputs to automated classification. The 15 to 30
descriptors ordinarily required exceed by far the number
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applied to documents in operational systems. Unless automated
indexing has preceded the automated classification, the costs
for the latter might be too large for practicality.

2. A fir'th problem has to do with computer costs. Comparison of
each document with every other document, for purposes of
generating classification schemes, involves large amounts of
computation. As the number of documents to be processed
increases, computation time and dollar cost increase geometri-
cally, thus making the classification of large numbers of
documents quite impractical. Some recent breekthroughs in
processing strategy offer promise of shifting the cost from
an exponential to a linear increase. Using these new algorithms,
generating a classification system for 10,000 documents would
require approximetely 20 minutes on a modern high-speed computer
and would cost around $250. Thus, automated classification
is no longer entirely ruled out-~on the grounds of cost--for
some kinds of automated libraries and information facilities.

6. Finally, there is the problem that no generally accepted
methods have yet been developed to evaluate the products of
automated classification efforts or to indicate whether one
method gives "better" results than the other. While there
are promising research leads in this direction it is worth
noting that there have been few systemetic attempts to evaluate,
or to campare, various manual classification systems such as
LC, Dewey, or UDC on an operational, as opposed to a theoretical,
basis.

Because of these kinds of problems, use of computer-generated classification
schemes is not yet appropriate for most libraries or even for most semi-
automated retrievel systems. In additicn to the fact that the relative
merits of automated classification are yet to be demonstrated, there is the
fact that all libraries presently use one or more existing “conventional"
classification systems, and their personnel and patrons would require exten-
sive training to reorient themselves toward computer-generated, adaptive
classification systems. The cost of data generation and progremming is also, ‘
for the moment, a prohibitive factor. For the present, exploratory use of !
computer-derived classification categories is desirable primarily where docu.- |
ments are already deeply indexed, and where either the existing ~chedule is

not considered satisfactory or there is no classification schedule st all,

€.8., with:

. s8pecialized collections of current technical reports on the
leading edge of science and technology,

- specialized collections of current technical reports being
produced by a particular orgenization,

R S e B St s b et R4 b o
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. Specialized collections of informstion whose basic character
is constantly changing so that new trends need to be identified
and the organization of the data modified,

. accumulaetions of documents by individual researchers or small
projects for their specialized, and often temporary, needs.

On the other hand, use of computers to place documents into classification
categories that have already been estasblished is not nearly so far off.

Given a set of human or machine-derived terms representing what a document

is "about," computer techniques masy--in the next two or three years=--prove
adept at assigning the documents to asppropriate clessification categories.

If the current classification assignments are regarded as correct--i.e., as

an acceptable criterion--for evaluasting computer assigmments, 8 year or two

of experimentation should make it clear whether an acceptable level of accuracy
can be developed for the computer

B-3.3 FUTURE DEVELOPMENTS AND POTENTIAL

The need for all forms of automated text-processing techniques, including
automated classificaticn, will increase as collections grow and as more
materials become available in machine-readable form. Regardless of the

fact that costs per unit of computer input ana processing are dropping each
year, it will continue to be inefficient and wasteful to search complete
files where there is the possibility of subdividing the file and searching
within & small set of documents or document representations. In addition,

it seems likely that progress will continue to be mede in solving the techni-
cal problems mentioned above.

The status and value of sutomated classification sre sufficiently uncertain
to make predictions of use hazardous. It seems very unlikely that auto-
matically generated classification schemes will supplant existing ones. They
mey find some use as an adjunct to established schedules, perhaps belping
the librery staff to notice possible new perspectives and providing alter-
native paths for the users to "browse." On the whole, the best prediction
one cen make at the moment is that computer-generated schemes will be used
infrequently and primarily as a meens of sensitizing the system periodically
to chenges in the character of the collection. Obvicusly, this use will be
more prevelant in new or rapidly changing collections, of the sort presently
found in information centers, rather than in conventional libraries.

Looking ahead to 1975, one may expect to see some large libraries regularly
developing or receiving machine-readable data on some percentage of their
inputs, and using sutomatic classification techniques to "suggest" assign-
ments to the human classifiers. This kind of a Joint, man-machine document
assignment may have considersble promise. While the detailed "analysis"
performed by the computer may help humans notice new concepis or relationships,
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present text-processing techniques do not, and perhaps cannot ever, use all
of the information "context'" that a human brings to the classification
situation. Thus, the idea of man-machine cooperation offers interesting
possibilities for classificetion. A moderate emount of research attention
to this possibility might permit use of even present-day automated classi-
fication programs. -

Bk AUTOMATED INDEXING

B-k.1 DEFINITION AND PURPOSE

The term "automated indexing" refers to several different computer-based
procedures, all of which share the feature of providing scme means of subject
access by a searcher to particular documents. The simplest kind of automated
indexing is that done in connection with document titles. The most complex
kind attempts either to extract appropriate index terms from documents, or
uses the words in the document ag a basis for assigning still other, more
appropriate index terms.

B-k4,2 CURRENT STATUS

Most of the interest in automated indexing has been in connection with tech-
nical informstion systems, rather than libraries. This is largely because
such systems are oriented toward information retrieval, a function that
relatively few libraries emphesize. However, some--and perheps all--automated
indexing techniques have strong potential for library operations.

Although there is still controversy about the relative merits of automatically
produced indexes of titles,3 compared with subject indexes prepared by humans,
there is little doubt that title indexes are already useful search tools, and
no doubt whatever that they are relatively inexpensive to produce. A list of
4,000 titles, for exsmple, requires approximately 50 minutes on & large modern
computer to be converted into a KWIC-type index. Including time for keypunch-
ing or other preparation, and given an existing program (of which there are
meny), total costs for such an index are under $1,500. Computer costs for
these indexes go up in roughly linear fashion with the number of tities.
Current reseesrch on KWIC-type indexes is concerned with refinements of the
technique, with extension to non-title material, and with questions of effec-
tiveness. The effectiveness of KWIC indexes is heavily dependent on the
adequacy of the tities themselves; accordingly, pressure is growing for
authors to use representative, rather than fanciful, titles.

3The most commonly used is referred to as a KWIC (Epy Word In gpntext) Index.
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The automatic selection or assignment of index terms from text, originslly
viewed with optimism some years ago, is increasingly recognized to be a
difficult challenge. Early hopes that individual content words used with
high frequency in a document would identify adequately what the document
is "about" have given way to recognition that high-quality indexing is
concept indexing, and at the very least, needs to consider syntactic and
semantic factors, i.e., both the order and the context of words. Many
current studies are attempting to meet or circumvent this problem.

While fully automatic indexing is & desirable goal, it does not yet seem
within reach, a fact which has led to increasing interest in computer-aided
indexing, i.e., a man-machine cooperation in indexing. A current example

is the use of a comnuter to select candidate indexing terms from the text

of a book, and to organize these by frequency of occurrence (i.e., into a
permutation-type index) so that the final sele.tion can be made by a trained
indexer. This is a classic and important exsmple of using & camputer to
perform a task for which it is eminently suited, while still taking full
advantage of special human capabilities in making the final selection.

Other important uses being explored for computer-aided indexing are those

in which a computer acts as clerk-verifier-editor-monitor of human indexing
activity and as a recorder of such activity data as requests sought under a
given term, the number of times users enter the system with & term not in a
glossary, etc. Such activity dats can be an invalusble guide in the design
(by humans) of a consistent, user-oriented indexing language. Full capability
to provide such useful aids to human indexing is already well within the
current status and requires only some developmental activity to be readily
available. However, the economic value of providing computer-produc - aids

to indexing has not yet been demonstrated. Studies are needed to canare

the unit cost and quality of indexing when using completely manual and camputer
aided indexing procedures.

B-4.3 FUTURE DEVELOPMENTS AND POTENTIAL

The permutation technigue, already firmly established and widely used, could

be very useful for quite a number of library operations. For example, in
acquisitions, one of the biggest drawbacks to a conventional file of outstanding
orders is that there is only one entry per item. Both staff and patrons, in
seeking to find what is on order in a library, often ask for & particular item
by other than the entry that has been used in the order file. A KWIC~type

index of the order file could be most useful here, particularly for monographic

series or for volumes of conference proceedings with multiple authorship or
sponsorship.

Within three to five years, one may expect to see widespread use of camputer
aids to indexing in most informstion facilities that have access to a camputer.
Meny of the uses will be of the "monitoring" variety that help system personnel
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t0 be aware both of their own linguistic practices and those of their
clientele. Computer programs for such monitoring are relatively small,
simple and inexpensive; the bookkeeping is done "behind the scene," and
a printed output may be required only at infrequent intervals.

Policy changes in technical journals, particularly in the engineering field,
require more authors to suggest a set of index terms at the time they submit
their articles for publication. These terms msy be printed along with the
article, with or without modifications. If this policy becomes more preve-
lent (and there is every indication that it will), the task of the journal
indexers will shift in emphasis from the selection or assigmment of terms

to the more intellectually demanding task of insuring quality. If this
occurs, the role of sutomatically producing indexing aids (computer-suggested
index terms similar to author-suggested index terms) may become increasingly
important.

Within the same period, one may also expect to see some information systems
in which index terms are either "suggested" or directly supplied through
computer snalysis of text. (This is, of course, economical only in those

instances where—the—text has alreedy been prepared in machine-readeble form
as a by-product of some operation, e.g., publication.) Although present=—
day index term extraction does not appear to compete in quality with the
best human indexing, expected advancements in the understanding of language
and of human indexing itself seem very likely to support a gradual but steady
increese in the acceptability of computer-selected index terms. Given a
parallel growth of machine-supported thesauri and authority lists, one can
foresee, by 1975, a number of systems--particularly specialized technical
informetion systems--that will rely heavily on the assignment of index terms

from autometed analysis of text, with a final review by a supervieing indexer.

Book indexing can also be done prior to publication. Library of Congress

catalog card numbers are alreaedy assigned in this manner, and the concept

could be expanded to include subject indexing performed as & service for the
benefit of 21l libraries. Indexing and cataloging of books is not likely to :
be affected in the near future by automated indexing, for such indexing is n
shallow and would not benefit greatly from & computer analysis of the entire P
text.

B-5 MACHINE TRANSLATION AND AUTOMATED ABSTRACTING | !

B-5.1 DEFINITION AND PURPOSE '

Machine translation, or MT as it is commonly called, aims to use computer
processing to translate texts from one language into another in order to
make the contents of foreign~language documents more accessible and usable.
Automated abstracting, as the name implies, attempts to prepare condensed




© e B SR A e A A RO VT

15 November 1967 -124 - : ™-3732

representations of documents by computer processing rather than by human
analysis. These topics are treated together because they involve processing
of the full text of documents and the use of statistical, syntactic and
semantic tools.

B-5.2 CURRENT STATUS

Although work in MT started out optimistically several years ago, the analysis
of language has proved to be much more Gifficult and complex than was antici-
pated. While machine trenslation of sorts can be accomplished by using a
large internally stored dictionary and largely word-by-word techniques, the
results achieved by this method are, for the most part, not very satisfactory,
either in terms of readability or in terms of accuracy. The acknowledged
disappointments in practical applications have helped to shift emphasis from
translation per se to basic research in linguistics,

The current status in automated abstracting has undergone almost no change
for the past several years. After an enthusiastic start in the early 1960's,
most of the effort has come to a halt because of severe and discouraging
conceptual and technical problems. The basic premise on which automated
ebstreeting work was—founded is that certain parts of documents-~usually
sentence units--carried the essence of the total document message and that,

by using statistical techniques based on word frequencies, one could identify
these sentences and assemble them into an abstract. Early work floundered
somewhat on the same problems of comparative evaluation experienced in auto-
meted indexing and automatic classificetion. It was also discovered that
statistical cues alone were not sufficiently powerful to select all the "best"
sentences, a finding that led to efforts to prescribe good "clue" words to

be up-weighted, other words to be down-weighted, and additional nonstatistical _
criteria (e.g., the position of the sentence in the document) for sentence
selection.

Quite apart from whether or not the "best" sentences were located for the
abstract, there is the additional problem of automatically organizing them
into a coherent piece of prose. Since there has not been, and does not yet
exist, a capability for the reliable generstion of contextually meaningful
sentences, current automated abstracting techniques can only string together
sentences extracted from the text. While there was some degree of acceptance
(or tolerance) shown for such rough-reading products in experimental applica-
tions where the need for current awareness overrode the demend for elegance
of expression, even here there has been & gradual erosion of acceptance. No
relief for this particular problem is in sight at the present time.

Producing an automated abstract of a journal article, given a machine-readable
record, would require roughly one-half minute of computer time on a large,
modern computer and would cost about $4.00 in a batch-processing operation.
This figure assumes that no sentence-generating capability is necessary.
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B-5.3 FUTURE DEVELOPMENT AND POTENTTAL OF AUTOMATED ABSTRACTING

The future of autometed sbstracting is highly problematical. Any increments
of improvement, &t our present state of knowledge about language and language
processing, can be expected to be very small. Any substantial progress in
sutomated sbstracting must await a breakthrough in other language-processing
techniques, particularly in understanding sentence "context" and concepts
that are expressed by groups of sentences but are not in any particular
sentence. Furthermore, since some technical journals, as well as elements

of the Department of Defense, are requiring that an author-produced abstract
be submitted along with the article, the need for an automated abstracting
capability may be diminishing.

Looking shead to 1975, any substantial independent progress in automated
abstracting that would meske the use of those techniques attractive to most §
1ibraries cannot be foreseen. Although the required breaskthrough could ;
conceivably come, it does not seem prudent to count on it, particularly
since abstracts do not now play, nor do they seem likely to play, an exten-
sive role in most library operations.

A similarly gloomy prognosis must be made for fully automated translation.
Significent advences will have to be made in computational linguistics before
the quality of either MT or automated abstracting can be improved to the
extent of achieving general acceptance.

B-6 QUESTION-ANSWERING SYSTEMS: RETRIEVAL OF INFORMATION

B-6.1 DEFINITION AND PURPOSE

Up to this point, consideration has been given to document storage and retrieval
systems and those aspects of autometed language processing that are related

to the storage and retrieval of documents and their representations. From

some users' point of view, the ultimate retrieval system is one in which they
ask questions and receive answers--not documents. Automated question-

answering systems are designed to provide this kind of service.

B-6.2 CURRENT STATUS

Question-answering systems are of particular interest to libraries, inasmuch
as they provide a rather direct analogy to the reference situation. The
basic approach is to store the reference material in the computer, search
through it in response to a question, and output an "answer," i.e., a very
small smount of highly relevant data.

The degree to which question-answering systems cen be considered already an
accomplished fact depends on one's definition. If one has highly structured
data, such as are contained in airline schedules or census maierial, and 1if
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one asks questions in a prescribed and simple format (e.g., "fare, Chicago/
New York"), question-answering is & fait accompli and has been so for several
years. If, on the other hand, the file contains text, and if the user is
allowed to express his question in ordinary English and expects a well-
formulated answer, then fully automatic question-answering is a distant goal.

There is one kind of system, already being used in an experimental way, that

combines the question-answering spproach with ordinary reference retrieval,

i.e., providing the user with references rather than answers. The system

simply tekes the "content" terms in the question as subject descriptors and

performs a search accordingly. The questions are not "screened" or formalized,

as they are in a typical reference retrieval system such as MEDLARS. The

system does not have the capability for "understending" the question in a

semantic sense. N

The reasons for this are much the same as those for machine translation. For
a computer (or, indeed, for a human) to deal with langusge in a way comparable
to the expectable range of human understanding, a great deal of information is
needed--information sbout the grammatical structure of the question and the
text, asbout the meenings of words in the particular context, and about the
world. Knowledge that humans take for granted (e.g., San Francisco is a city
in the United States) needs to be deliberately programmed into & question-
answering system in order to get a reasonable response. While research
progress is being made in providing all three of these kinds of information
(syntactic, semantic, end real-world) to computer systems, it 1s becoming
apperent that high-quality natural language question-answering from usefully
broad content domains is subject to as many difficulties as fully automated
mechanical translation and may be as meny years away. However, there are a
number of researchers working at such systems, and this should help to
accelerate progress.

Question-answering systems could prove to be a very vaeluable aid and support
for the reference librarian. Considering today's technology, and the machine's
Jimited capability to "understand" questions, such systems would operate best
when used by reference personnel rather than by the library patrons. The
latter might have such a limited knowledge of the file and suck a variety of
question-asking expressions that it would be impossible for any current
question-answering system to interpret them adequately. However, reference
personnel who were cognizant of the file and the acceptable question format

might make good use of machine-readeble files.

On the other hand, there is the knotty problem of deciding which material to

atore in mechine-readsble files. The sizable costs of preparing and storing

any significant amount of textual material or a sizable "data base" in a

computer, together with the infrequency of questions on any given material,

make it unthinkeble for & typical library to have all of its reference ; %
materisl in computer form. For the present, question-answering technology
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is most reslistically considered in lerms of a system in which many libraries
are gharing not only the computer time but the reference material (including
cost of storage) as well.

B-6.3 FUTURE DEVELOPMENTS AND POTENTIAL

Although automated question-ansvering, in the most elegent sense, is probably
technically more difficult than machine translation, we may ext" %, by 1975,
to see a great meny instances of its use. Both the desire and the capability
for communicating with the computer in natu.al languege will continue to grow.
With steady improvements pased on linguistic research and experience fram
current embryonic question-answering systems, one may expect to find some
level of question-answering capability in many refexence facilities. Even

if mery of the expected technical improvements in question-ansvering systems
do not meterialize, there will still be many such systéms in operation,
because computer support will be increasingly inexpensive and accesslible;
less-than-elegant systems will provide some useful service; and & new genera-
tion of librarians, information specialists and patrons in technical libraries
will have learned, to some extent, how to communicate with computer-based
systems.

B-T COMPUTER-AIDED INSTRUCTION

B-T.1 DEFINITION AND PURPOSE

The term "computer-aided instruction" (CAI) refers to a number of techniques
for using computers to assist in comunicating informstion to learmers. While
these techniques were origineily developed in an educational context, they

are now seen to have a broader applicability than was first recognized. CAI
techniques are presently being developed as instructional adjuncts to computer-
based systems with other than an e@ucational purpose.

B-7.2 CURRENT STATUS

The feasibility of using a computer as a teaching machine was first explored
around 1959. Since that time, & number of computer-aided instructional
systems have been developed, most of them experimentel but a few of them in
operational use. Equipment at terminals for students often includes type-
writers, random-access film projection devices and, less typically, cathode-
ray-tube display devices. Equipment has recently been shown that can display
rear-projected slides on the face of a cathode ray tube, thus eliminating

the requirement for all CRT display material io be computer-stored. Equipment
and techniques for audio response. and interaction are not nearly as far along.
Random-access tape recorders ar. 'n general use, but they are not as efficient
as workers would 1likc., There is some research underway to have the camputer
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"recognize" speech and to generate speech, either by using prerecorded woids
or phrases or by using a set of rules to convert stored speech sounds into
meaningful speech patterns. Such systems slready exist, for example at the
New York Stock Exchange.

Three major problems barring widespread use of CAI are currently commanding
attention. The first is the technical, or equipment problem. While computer
system capabilities are generally quite adequate for today's needs, computers
need to become more reliable, particularly for on-line operations where "down
time" is a nuisance, in addition to being costly. Improvements are also
necessary in computer programming for time-shared systemse (the only kind of
system that permits several persons to use the system simultaneously).

The second major problem involves semantics. It is concerned with the
precision with which desired meaning can be conveyed between the learner
and the system. Thus, one must decide whether to use, for any given communi-
cation, an audio or visual mode, and when and how to switch from one to the
 other or to use both of them simultaneously (redundantly). One must also
learn how to prepare and program instructional material that makes some
concessions to individual differences among learners without being unaccepta-
bly expensive. Preparing such material is presently slow and costly; a
single two-hour lesson may take several months to prepare. Of course; once
prepared, such a lesson can be widely used.

The third problem has to do with effectiveness. To date, studies on the
effectiveness of various aspects of CAI are somewhat inconclusive, in part
because adequate evaluation criteris and methods have not been devised yet,
and in part because the effectiveness of CAI appears to be very situation-
dependent. Thus, valid generalizations are difficult to make.

Because of a lack of reliable information on effectiveness, it is not fruit-
ful to dincuss questions of CAI cost/effectiveness at this time. It has
repeatedly been remarked that the present costs of CAI are prohibitive for
all uses except research. However, this need not necessarily be the case,
where either (1) the CAI is an adjunct to an operational system that does

a highly related job (e.g., acquisitions control or circulation), or

(2) where CAI shares the machine with some other unrelated function such as
payroll or cost accounting.

B=T7.3 FUTURE DEVELOFMENTS AND POTENTIAL

Granted an increasing use of computers in libraries, both for technical
processes and for reference services, CAI cen play an important role. On-
the-job training of new library personnel, both professional and clerical,
is & demanding task that all libraries face periodically and most face
continually. By adding instructional components to the computer programs
used for various aspects of technical processes, the library can shift some
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of the teaching burden from experienced library perscnnel (already in short
supply) to the computer. CAI can also be useful in helping library patrons
to learn how to use the particular library's resources or to conduct some
kinds o6f reference seaxrches. '

By 1975, one may expect to see a lurge number of CAI-type facilities in

many libraries, particularly those in an educational or research setting.

The "1librery college" concept, which attempts to shift emphasis in college
libraries from archival functions toward direct education, is & forerunner
of what is 1likely to be an increaeingly accepted concept of service. In
line with this concept, some colleges and universities are already pilanning
or building study carrels equipped with input/output equipment for more
direct contact between the student and the information store. Unless library
personnel are to add a sizeble training load to their reguler library duties,
they must--and undoubtedly will--teke advantege of the opportunity for the
system to help students learn how to use the library more effectively.,

Within a very few years, one may expect to see CAI-type programs developed
in connection with most operational programs for support to technical
processes in libraries. For many people, the most desirsble end effective
method of learning how to deal with a computer-based system is to sit down
at the console and lesrn by doing. CAI-type programs can bring some measure
of efficiency to this process and help to avoid both unnecessary frustration
from blind- fumbling or excessive dependence on experienced library personnel.
By 1975, it will probably be rare to find any significant degree of ccmputer
support without also finding a CAI element as an adjunct.
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APPENDIX C:  RELATED EQUIPMENT AND MATEKIALS TECHNOTOGY

C-1 INTRODUCTION

This section describes several kinds of equipment, materials and techniques,
other than those primarily associated with computers, that bear on library
operations, present or future. Toplcs discussed are: Microform Technology,
Reprography, Publication Techniques, Physical Handling end Storage, Trans-
mission of Materials, and Lasers and Holograms. The status of each of these
is briefly described, together with possible applications.

For some materials, equipment or techniques, there is general information
available on costs; where this is so, it has been provided to suggest orders
of magnitude. It should be understood that these general figures will not
necesggrily apply to particular equipment operated in particular circumstances.
Tn some instances, meaningful cost information is not availeble, or was not
readily available at the time of this report.

Cc-2 MICROFORM TECHNOLOGY

C-2.1 PRESENT STATUS

Microforms come in meny sizes and shapes. They are available both as micrec-
reductions on opaque sheets, enlarged for viewing by reflection, and as trans-
parent films through which light is passed into an enlarging mechanism.
Microfilm is available both in rolls and in individual sheets. Until quite
recently, the roll form has been prevalent in libraries and in newspaper
operations. However, unit record sheet f£ilm, referred to as microfiche, or
simply fiche, has been receiving increasing attention and emphasis as the
most effective microform for reports and as potentially the most valuable

form to replace paper copies of bound volumes.

During the past decade, the use of microforms has undergone another radical
change. Initially, microfilming was thought of as a technique for space
reduction in some =pecial libraries or in connection with the need for pre-
gervation of materials in scholarly libraries. This was true both for files
that were going to be stored away for safekeeping and for the preservation
of much more fragile documents, such as newspepers. However, microforms are
now beginning to be used as & medium of communication, much as books and
report literature are used.

The widespread use of microfiche hasg coincided with the beginning of a new
library concept within the Federal Government--that of a distributing, rather
then & circulating, library or information faciilty. Documents are not to be
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- returned; they are to be kept or discarded. Such a concept is quite practical
with microforms. The Defense Documentation Center, NASA, and the Federal
Clearinghouse for Scientific and Technical Information are currently distri-
buting reports in fiche forms, and the U.S. Office of Education has announced
its intention to make fiche available on material of 7 .erest to those concerned
with educational resources. The cost savings in fiche are apparent from the
fact that the Clearinghouse sells a hard copy document for $3.00 and can sell
g fiche for 65¢. The price holds, whether the document can be contained on
oniy one fiche or requires six, seven, or eight for example. The U.S. Office
of Bducation intends to distribute fiche at 9¢ each.t

The microfiche standards created by the Federal government through COSATI
(the Committee on Scientific and Technical Information) have gone a long way
towards eliminating the earlier confusion and incompatibility that resulted
from having many forms. The fiche produced under t’'ese standards are L x 6
inches, with a 19:1 reduction ratio. The initial sneet (or fiche) of each
document kas title, author, and other such information on the top edge of the
fiche printed in a size enabling it to be read by the unaided eye. The re-
mainder of the fiche consists of 5 rows, each representing 12 document pages.
If additional fiche are needed in order tc represent the full document--as
they are for nearly any book--the succeeding sheets contain 6 rows of 12
pages, rather than 5 rows. Thus, considerable reduction is achieved without
losing the capasbility of handling individual documents as units.

With the production and distribution of information in microform, it was
necessary to create usable, inexpensive microform readers. It 1s now possible
to obtain good desk top readers for microfiche for under $100, roughly the
price of a portable typewriter. Thus, it no longer need be housed only in
the library; one can easily have a reader in one's office. Better readers
are, of course, available at higher prices, extending past $1000. The more
expensive of the readers provide the capability of producing hard copy and
provide a means for libraries to either circulate or distribute coples. The
fiche remains with the library, while hard copy or a second fiche is produced
to be carrisd away. There is some question as to whether using even the most
expensive current readers is as accepteble as viewing hard copy, when one has
to read for meny hours of the day. However, their convenience end other
advantages override some of their limitations.

At present, the film handling in most microfilm filing systems is done
monually. Most files are not of sufficient volume to warrant auntomated or
semi-automated mechanized handling. Only during the past few years have
menufacturers directed product research and development efforts in this area,

lThis price is unofficial and subject to change. Also note that it does not
| represent "cost" to USOE, but only "selling price” to the recipient. i
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because some microfilm files are becoming quite large. Microfiche edge-
gsensing by mechanical or magnetic processes is used _or quick retrieval of a
single fiche and also subsequent transport to readers, cameras, or reproducers.
The Houston Fearless CARD system also automatically selects the desired image
on the gelected fiche through the use of X-Y coordinates. Roll film has
retained its importance in those areas where the size of the document greatly
exceeds the capacity of a single fiche, e.g., parts catalogs. In addition,

if a portion of film is to be chosen by some means other than visual examination,
then roll film provides an easier mechanical procedure for reaching the paper
freme on the film. Several devices exist for searching reels mechanically

and retrieving via motorized transports. Use of roll film in cartridge form
will probably increase, for a period, in special library applications. However,
it seems probable that within the next five to ten years, the dominant micro-
form for library applications will be the microfiche sheet.

Within the past two years, much effort has been devoted to developing color
microfilm. The primary difficulty has been the low resolution qualities of
existing color film as compared to tlack and white film. For many applications,
color must be precise, and present color film is inconsistent in color ren-
dition. In addition, it fades, even in controlled conditions, and because of
its construction, is very esensitive to scratching, surface damage from

handling and dirt, and loss of color images from the layering of cclor gelatins.

Since color microfilm is Jjust coming out of research into development, there
is presently little in the way cf processing equipment for duplicating micro-
films or for printing from the color film. However, automatic processing
equipment exists now for mass-rroduction handling of color films; nicro-
filming equipment for black and wvhite film can usually handle color film;
viewing devices usually have color-corrected lenses; and printing equipment
often can reproduce the color image in black and white. Microfilm coste
vary widely in different orgenizations and in different parts of the U.S.

A summery of current average costs is presented ir Figure 6.

C-2.2 FUTURE DEVELOFMENTS

With a predictable large increase in the use of microforms, we may expect to
see significant improvements in microform technology over the next ten years,
both in the materials available and in the equipment for processing and
storing it. Most of the needed improvements may not require any technological
breakthrough. For example, although increasingly large sizes of microfilm
files demands more sophisticated microfilm-handling hardware, this will
probably come through concentrated product engineering that utilizes the
principles of existing electronic and mechanical developments. "his type of
development effort, along with procedural breaskthroughs in computer-based
information retrieval, can lead to more and better computer-controlled systems

that cen automatically manage large-scale microfiche and/or microfilm reel
files.
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We cen also expect to see increasing development of equipment and procedural
techn»logy that permits direct information transfer between microimage and
computer subsystems. One menufacturer, Stromberg-Carlson, has announced a
soon-to-be-available (November 1967) system capable of direct tranefer from
magnetic tape to microfiche utilizing a CRT display at a rate of 5 fiche per
minute. Furthermore, the system will incorporate a hard-copy printer,
producing 1ll- X 14~inch material, electrostatically, at an output rate of

60 feet per minute. A sizable amount of attention will continue to be paid
to the microfilm itself. The storage problem is also liable to be reduced,
quite apart from technological changes, by adherence +o the storage standards
set by the National Bureau of Standards (NBS) and industrial photographic
firms. Adherence to the NBS standards requires conscientious microfile
mansgement but should pay valusble dividends. One development that will
probably occur during the next five years is the perfection of a stable

color microfilm. Too, continued research into undesirable chemical phenomene
releted to film (silver-halide, Diazo, Kalvar, ete.) aging is likely to

lead to less severe storage requirements.

Ultramicroform technology is being vigorously developed by at least one or
two manufacturers. Ultramicroform uses reductions of 150 or 200 to 1 instead
of the commonly accepted reduction of 19 to 1. The sdvaentages of ultramicrc-
form come from the ability to place more iuformation on a single sheet; this
is also its disadvantage. Few documents are large enough to require a full
sheet; thus, they share it with other documents. The ultrareduction, however,
does allow for extremely inexpensive reproduction, if a large number of copies
are to be made. This fect has led to a proposal for the creation of a
thousand libraries of one million books in ultramicroform. Such a library
would not only be inexpensive from the point of view of the smount of storage
required to house it; far more importantly, it would be comparetively
inexpensive to create the holdings. The expense of cataloging, creation of
retrieval techniques, etc., need only be incurred once.

The initial investment required to implement this proposal would be close
to $300,000,000. However, the sparseness of libraries of million-book size
mekes the proposal important, for providing an economically feasible way of
setisfying the need for great 1ibraries, not only within the United States
but throughout the world.

The proposal of a million-book library replicated & thousand times assumes
that all libraries would have the same base collection. Of course, the con-
cept of the uniform library is not restricted to ultramicroform. It can also
be applied to regular microform. In either case, the concept growse more
exciting when 1t is coupled with the possibility of a computer tie-in for
information retrieval.
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. Another advanced library concept involving microforms is represented by a
project at M.I.T. and scheduled for operation in about two years. Documents
are to be stored on microfiche, and the fiche will be retrieved by computer,
viewed with a television camera, transmitted to one of many remote locations,
and presented for reading.

Some interest is currently being expressed in microfiche with a reduction
ratio of about 50:1. This is less ambitious than the ultramicroform approaches
but it has some desirable features for library applications. The fiche would
consist of about 13 rows of 30 imsges each. The title block could contain
appropriate normal-reading indexing material, a classification code, title,
author, acquisition number, publisher, number of pages, number of fiche, etc.,
in the same manner, and to the same degree, as the 19X fiche. However, the
capacity of the image area would be 390 pages, permitting handling of from

60 to 80 percent of all monographs on a single fiche. (The COSATI fiche
handles only 60 images, thus requiring 6 to 7 fiche for a 300-page book.)

Some feel that the potential advantages of a 50X fiche may impel equipment
manufacturers and others to advocate this as standard within the next two to
five years. One production advantage of the 50X fiche is that unlike other
ultramicrofiche it could %»e produced in a single step, as 45X reductions are
currently being done. Another advantage over other ultramicrofiche is that,
apart from modification in the frame-loca*ing mechanism of readers, current
fiche equipment and techniques for duplication, filing, retrieving, etc.
should be capable of handling a 50X fiche quite satisfactorily. Then, too,
good reading and printing capabilities should he more easily obtainable than
with the 150:1 or higher ratios.

Another microform with considerable potential is "mieroprint."2 Microprints
are opaque and are produced by a rrinting (not photographic) process. The
microprints use either the 19X or 24X reduction ratios and can be produced by
standard printing techniques at an approximate cost of 2¢ each. One great
advantage of microprints is that they do not have an emulsiod; therefore,
there are no problems with scratches. However, use of microprints has heen
limited because of the difficulties of reading and reproducing opaque
materials with current equipment. Their use could be enhanced with develop-
ment of viewers and reader-printers that provided quality equivalent to that
obtained with the transparent microfiche.

C-3 REPROGRAPHY

C-3.1 PRESENT STATUS

The term "reprography" refers to the reproduction and replication of graphic
materials. The term is fairly new and comprehends not only conventional
printing techniques, including letterpress, offset lithography, and intaglio

2

Microprints are not new, and are in common use in libraries. They still have not
fulfilled their true potential of very low cost publication.
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printing, but also the burgeoning field of copying (duplication). The gradual
erosion and blurring of the traditional distiction between printing and copying
led to the new designation.

Traditionally, printing has been most efficient at high volumes, while copying
hes been most efficient at low volumes. Also, both the quality of printing
and the skill requirements for printers have been much higher than for copying.
However, we are seeing an increasing convergence of thesz characteristics.
Copiers are becoming increasingly more capable of handling larger runs with
less degradation of output quality. Printing devices are becoming more
efficient at low volumes.

Present reprographic techniques are already su efficient, rapid, inexpensive,
and acceptable from the standpoint of quality that there is no doubt about
their utility in libraries. Present-duy discussions of the subject usually
concern how much one should pay for a particulur amount of quality.

C-3.2 REPROGRAPHY COSTS
To proVide s useful frame of reference for understanding reprography costs in

relation to library services, we performed a cost analysis of several repre-
sentative techniques and situations. )

C-3.2.1 Representative Techniques

¢-3.2.1.1 Copier Processing. Copier quality is such that it can be used
only for line work at this time. (However, a few companies have announced
availability of a halftone attachment for their copiers.) Copiers can accept
color input but cennot reproduce the color. Since the economlics of halftone
copiers are not now known, only line work was assumed for the costing exercise.
Three copler cost sets were used in the analysis:

a. Xerox 2400. This is electrostatic printing, at the rate of
2,400 copies per hour,” from single sheets of paper.

b. Copyflo. This is electrostatic printing, from 35mm roll film,
at speeds of 1,200 copies per hour.

Ce. Copier. This encompasses both the gelatin-dye-transfer and
the diffusion-transfer-reversal processes. Average speed is
1 pege copy per minute (6l seconds).

3All production rates given here are maximum obtainable, bhut may be unreachable
in normal operations because of handling problems, need to reload, etc.




15 November 1967 -138- - ™-3732

- C.3.2.1.2 Offset Printing. Line printing involves plate preparation and
printing using offset printing presses. Flates may be paper or metal. The
paper plates prepared using electrostatic processes are adequate for line
work only. Photo-direct and negative-to-plate processes can be used to
provide graphic arts quality on line work, and can handle halftone and color
work &s well. TFor the 17-x-2lh-inch size presses, it is assumed that negative-
to-plate processing is used for the plates, and that four separate pages are
run simultaneously. Four separate cost sets were used:

8. 17ith electrostatic plate.
b. with photo-direct plate.
c. With negative a:d metal plate.

d. with negative and metal plate, handling four Dpages at a time.

¢-3.2.1.3 Printouts from Microfiche. The specialized equipment found in
reader printers (to haundle copying in conventional image sizes stored on
fiche) provides capabilities for line work reproduction alvost equal to that
for copiers. Halftone images may be reproduced that are satisfactory for
reading end comparable to photo-direct plates used for printing. Color may
be stored on fiche and reproduced either in black and white or in color,
although close color registration is not always obtained from current equip-
ment. Three sets of fiche-printer combinations were priced: (Costs for
generating a plate from microfiche are comparable to the costs for genesrating
a plate from paper reproducibles; therefore, no separate costs are shown for
printing from microfiche.)

a. Tiche created and printed using a reader~-printer, such as
Recordak Magneprint, Itek, or 3M Filmac, with the corres-
ponding photographic paper.

b. Duplicate fiche used with the aforementioned reader-printers.

c. Duplicaie fiche used with the EL-I printer and dry silver
paper.

¢-3.2.1.4 Tetterpress and Silk-Screening. Since costs for letterpress and
silk-screen printing and processing depend on volume ard quality require-
ments of a particular task, and since the feasibility point for letterpress
involves copy preparation as well as printing, this process was not included
in the costing exercise.
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C=3.2.2 Calculaticn of Costs

Printing and copying costs are dependent primarily on the quantity of pages,
the number of copies of each page, the material tu be printed, and the
equipment used. The comparisons in Figure 7 are based cn copy requircments
from 1 to 5,000 pages (impressions), The assumption is made that the machine
is fully utilized. This makes it possible to ignore the initial cogt of the -
. printing equipment (shown in the right-hand column) for purposes of the
’ analysis. Approximate equipment costs are given only for a comparison of the
relative size of the basic investment required. When the equipment is fully
utilized, its cost contributes a negligible amount to the per-page cost
figures for copies. Thus, the numbers in Figure 7 cover primarily materials
and labor. It is understood that individusl figures in this table can vary
for meny reasons associasted with a particular installation's operations.
Detalls of specific assumptions necessary to produce these [igures are cmitted,
in the interest of brevity.

c-3.3 " FUTURE DEVELOPMENTS

The quality and capebilities of copiers, fiche and other microfilm readers,

mltilith equipment, etc., have been increasing steadily and this trend can

be expected to continue. It is reasouable to assume now that within five to
ten years, the following conditions will prevail:

a. Coplers will be economically competitive with offset equip-
ment through 100 copies, and may be competitive through 200
copies of a page. They will be able to reproduce color,
2 half+cnes, and massive solids as well as fiche reasders can
’ Gisplay tkem today.

b. The quality of offset srinting will be superior to its L
: present quelity, make-ready time will be further reduced, .\
{ ' and plate-making from microforms will be more widely used N
than presently. The ability to handle very high quality

printing will we common.

c. Fiche reader-printers will be vastly improved, with cost
per impression from fiche-to-paper printers dropping below
1 .54 per page and perhaps reaching es low as 1¢. Use of
color will gradually increase in the first five years, and
in the following five to ten years will become widespread
and economically competitive with black and white.

d. Development of electrostatic printers, using fiche as the
gource document, will be the dominant development in the
fiche reader-printer and printing field.
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e. Printing directly from opticel storage devices, magnetic
tape or holographic devices, and from ultramicrofiche will
obtain & state about equal to that of reader-printers
today. '

f. Printing from digital data on magnetic tape, or from
thermoplastic micro-images can achieve major importance.
The growth of the Stromberg-Carlson film devices and the
development of electron beam recording, etc., indicates the
potential of these developments. Cost for generating a page
image on microfilm is estimated at 2-5¢ per page. Direct
printout from CRT to bond copy is reported to be competitive
with offset printing, although copy quality is not as »
satisfactory.

g. Optical preparation of copy for high-quality graphic arts
material under the control of computers (photocomposition),
already very practical, will increase rapidly in applications
and usefulness. The current price for text material is
about $11 to $25 per page, while graphical material, such as
flow char‘s, wiring diagrams, ete., runs closer to $50. The
price of processing, and of obtaining microfilm output for
subsequent printing, should drop to about $5 to $7 per page,
and even less for producing microprints. (This compares
favorably with hot-type ccsts of from $10 per page and up.)
Distribution of the microfilm output from this kind of
process 1s scheduled to start within a year or two in some
organizations.

C-k PUBLICATION TECHNIQUES

Several developments in publication technology hold promise for libraries.
The most important is probably computer-menaged printing, including photo-
composition. Also important is the production of massive amcunts of textual
material in machine-readable form, as a byproduct of the publication procees.
This meang that not as mich reliance need be placed on progress in develcping
optical readers; such progress has been rather slow. '

Cc-h.1 CURRENT STATUS

The publishing industry has long made use of punched paper tape for the
transmission of news copy. In the past few years punched paper tape has
also seen heavy use as an input to typesetting machines. More recently,
computers have been introduced into the publication operation, to reduce the
cost of line justification and hyphenation, and many typesetting machines are
now being run by the tape output produced by the computer.
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- Computers are also being used to prepare high-quality reproduction masters

at high speed with electro-optical techniques. The process ie referred to

as "photocomposition.” Early photocomposition devices contained many fonts,

on one or more optical plates. Light was passed through a character onto
photographic film, lenses being used to obtain the proper size for the

character and toplace it in the assigned position on the film. These techniques
produced extremely high-quality print--as good as any hot-lead device-~but there
was a serious mismatch with computer speed, fewer than 10 characters per second
being set.

Some effort has been made to achieve greater speed by reducing the number of
characters available for printing purposes, sacrificing some degree of quality

for speed. The latest techniques attempt to achieve both high quality and

great speed. Light, instead of being passed through individual characters, is
created electronically in the proper character shape as an emission from a cathode
ray tube. While quality is not as high as the quality of the characters etched onto
the photographic plates, the speeds now achievable are commensurate with computer
speeds. The printer of this type presently used by the Government Printing Office
is capable of setting a full page in five seconds. o

Developments in photocomposition are importent to libraries not only because
they need machine-readable text, but because--quite apart from advanced
text-processing techniques--most libraries have a constant printing require-
ment. The National Library of Medicine, for example, sponsored research on
one of ‘the processes described above, and uses it for the publication of
Index Medicus, a guide to the medical literature.

c-h.2 FUTURE DEVELOFMENTS

One can expect to see continuing improvement in photocompcosition devices.
The Government Printing Office is scheduled to install, sometime in 1967,
a photocomposition device with a character set of 102! characters and
operating speeds of up to 600 pages per hour. This device is felt to
represent a major advance in automated print composition.

The advent of the computer and, to some extent, photocomposition, has spurred
suggestions for a return to the publication of book-form catalogs. Many
libraries feel that if a card catalog were avallable in many places other than
Just the stendard card catalog area, the library would receive wider use.
Replication of the card catalog itself is not economically feasible. With
text in machine-readable form, the production of such catalogs is not
technically difficult. But if the library once translated its card catalog
into machine-readable form, it would be easy to use the computer to update

the machine-readable form of this catalog. This machine-readable record
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could be used to drive some kind of printing device (line printer or photo-
composition) to create an updated version of the book catalog. Very large
library collections would require many volumes tc contain the catalog record.
Since no really large library has its entire catalog in machine-readable form,
it is not yet clear what problems will exist for large computer-produced

book catalogs that need to be kept up to date, say, on a monthly basis. Other
questions concern the number of copies of a catalog required to service users
without delays, length of life of a heavily used book catalog, etc. Such '
questions need to be explored before it will be clear how extensive will be

the impact of publication technology on library procedures.

C-5 PHYSICAL HANDLING AND STORAGE

C-5.1 PRESENT STATUS

| The book is currently the primary kind of information carrier used in libraries.
y Because books require physical handling and storage, considerable attention

: has been given by menufacturers and librarians to the development of aids for
these functions. -

Materials-handling installations that have been successful in the library

are those in which selected library activities are viewed as being similar to
those of the wholesale drug and sundries distributors. Their situation
requires filling many requests (orders) for small quantities of small items

of irregular shape, size, and weight. Libraries have very successfully used
containers and bsskets in connectiou with vertical lifts, conveyors, chutes,
and pneumatic tubes. These devices move standard-size receptacies after a
human handles the books and decides on their destinations. Among the libraries
effectively using existing technology in this manner are Detroit Public Library
(conveyors, tubes, and 1ifts), UCIA Library (the same, including an underground
tube connecting two distant buildings), and the Technological University Library
at Delft, Holland. The latter is a fairly advanced operation of this sort,

but it serves only for delivery of books to patrons, not for reshelving.

One new product line, anunocunced in 1966 by the Library Buresu of the Sperry
Rand Corporatioa's Remington Rend Office Systems Division, appears to have
considerable promise as a tool for library stack management. It is called

the RANDTRIEVER and was originally designed for storage and retrieval of
letter-sized document folders in "original-document"” filing systems. Basically,

the RANDTRIEVER is an automated warehousing system. Items requiring physical
retrieval are housed in open-top metal containers large enough to hold 15
letter-size filing folders. Each container is stored in a unique, seven-
digit-coded shelf location. Attached to each container is a machine-sensible:
punched card conteining its shelf location code. Shelving modules may be as
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high as 22 feet, or 20 levels of containers. A moving vertical "master column"
" extracts and r.places containers, then delivers them to and receives them
from one-waey conveyors linking the storage area tc :ue con’ 1 stations. Control

station operator consoles accept keyboard, punched-card, or tape inputs for
retrieval.

The manufacturer has one system in operation for display purpcses at the plant
facility. Two have been sold, but are not yet installed; both are for record-
keeping rather than library applications. The cost range quoted by the
manufacturer is $2.25 per linear inch of shelving. This is quite high, tut

it may be justified when evaluated in terms of long-range amortization and
savings. Clearly, cost Justification for this type of system is possible

only in high-volume, high-usage collections.

C-5.2 FUTURE DEVELOPMENTS

Several aspects of books limit the prospects for substantial automation of
physical handling, for example, the variety of sizes, shapes and weights,

and the sbsence of uniform or repetitive handling of each item. Nevertheless,
the outlook for asutomation is not hopeless, because (1) some devices have been
successfully installed in the library; (25 there are ways of tailoring
library operations to satisfy some of the physical requirements for automation;
and (3) there are some promising materials-handling products of the future.

Countless mixes of existing equipment and procedural technology might be very
effectively used for physical handling of books, without unnecessary adverse
trade-offs in service to the user. For example, today's technology could
offer a system with the following characteristics:

. Books stored in closed or open-top metal containers having
unique shelf locations

. Computer record-keeping of container locations

. Computer-controlled display of'bibliographic and/or abstract
date by either microfilm or cathode ray tube (to provide
browsing)

. Mechanical retrieval and reshelving along with conveyor trans-
portation (eliminating the need to "subject-store” books)

The gbove features are all within the state of the art and redquire no advances
in equipment technology, although admittedly the cost would probably be rather
high. It seems likely, however, that existing equipment technology and
minimal refinement of existing procedural advances could provide significant
operational improvements in some libraries.
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On the basis of observation of current developmental work in mechanical
materiels handling, some projections can be stated for product trends for

the next five years that will have application to library book handling. The
general approach to materials-handling engineering is likely to be more

systems oriented. We may expect to see more installations in which handling
equipment, storage equipment, sensors, control devices, and computers will
interact under compute * monitoring. The computer will be able to manage not
only the movement and storage processes but also related inventory data manage-
ment functions. '

Some of these developments will be founded more on procedural advances than
on equipment advances. However, there are several swecific hardware advances
that can contribute to high-level system performance in library book handling.
For example, magnetics will be more widely used in the development of sensing
devices. Ttems such as book covers or book containers can be uniquely magnetized
for autometed identification. The processes in which the payoff for libraries
would be the greatest are selecting, sorting, distributing (flow direction),
countigg, and storing. (Magnetics may also see more use in protection against
theft.

The next ten years will probably also see the development of automatic self-
1oading equipment designed to handle units such as book containers. Outside
the library world, unit-load equipment is not new, nor is its use in automated
systems. Mechanized storage rack systems under automatic and semiautomatic
control already exist for both palletized and special-shaped goods. Equip-
ment such as the overhead stacker crane is presently operational in such
systems. This type of equipment is suspended from overhead monorail or

track networks. Its movement is controlled by commands from work station
consoles or machine-processable cards, tapes, etec. Floor-running, rack-runnir.g
(shelf), and overhead-running stackers could be taillored for library use.

The development of improved handling equipment for moving, storing, and
locating will require comparable development of control devices and associated
instrumentation related to sensing, switching, and directing material flow.
Sophisticated electronic, electromagnetic, and electromechanical control
devices are being developed and used for industrial material-handling
applications, and they presumably will be adaptable to library systems through
concentrated product engineering.

The matter of care and preservation of printed materials continues to receive
attention. Research efforts concerning the chemical and physical character-
istics of paper deterioration have pinpointed the principal cause as acidity
in paper itself. The most notabie research in this area is that of W. J.
Barrow, under sponsorship of the Council on Library Resources. Paper
deteriorates not only because of the presence of acid, but also because of
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the reaction of the paper's acidic chemical content to environmental factors
such as temperature, humidity and air impurities. For example, conditions

in a geographic area having high humidity and sulfur dioxide in the air

result in a deteriorating sulfuric-acid reaction in the paper.- Research
efforts have shown that controls for alr-purification, lower storage tempera-
tures and humidity can prolong the life of paper, regardless of acid content.
It nas been estimated that unused, nonacidic, manufactured papers, when stored
at about 15°F. and 51% humidity, can have a life expectancy of up to 400,000
years. The life expectancy of a deacidified used book stored at 3LOF, is

600 years and 4000 years if stored at -2CF.

The technology of caring for existing printed materials should be discussed
in terms of preservation vs. restoration. Preservation involves chemical
deacidification by spraying the printed rage with a magnesium bicarbonate
solution to neutralize the paper's acid. The cost for this process is sbout
$2 per volume. Complete restoration involves removing the binding, bpathing
each page 1in the solution, laminating the pages, and then rebinding. Costs
are usually based on a square-inch basis, since printed materials other than
books are also processed. However, a L40O-page volume of average page size
would cost around $40 to restore (98). At least two firms now specialize in
this service. Most libraries could not presently afford the equipment and
skills necessary for such operations; those wishing to restore documents
would do best to obtain the services from ocutside.

The problems of caring for deteriorating books has been addressed by the
Association of Research Libraries, with financial support by the Council on
Library Resources, Inc. ARL has endorsed a proposal whereby a federally
supported central agency (newly created or to be established within an
existing agency) would insure the physical preservation and low-tempersture
storage of at least one example of @very deteriorating record. Such an
agency would also insure either microform or full-size rhotocoples of
deteriorating materials. The cost of the proposed system 1s estimated at
$7.25/volume.

The cooperative interaction of the library community, the paper industry,
and the Federal Govermment will lzad towards stepped up activity in two
areas. First the development of paper of more enduring physical character-
istics will be a major developmental eifort. Advances in chemlcals used for
sizing and other mill processes have already occurred and improved processes
will reduce the cost of more durable paper. Further Federal support, such
as that provided by the Library Services Act, will probably be needed to
accelerate the growth of preservation and restoration of existing printed
materials. '
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c-6 TRANSMISSION OF MATERTAIS
C-6.1 CURRENT STATUS

Both current and project library operations involve transmission of materials
from the storage location to the user. This can be achieved by local trans-
portation, the U, S mails, or by other techniques such as televisicn or
facsimile transmission. BEach has technical and cost advantages and disad-
vantages. Some techniques raise difficult legal issues as well, for example,
when published material is transmitted from one computer store to another.

The present discussion is restricted to technical and cost issues, particularly
as related to some of the more advanced techniques.

The controlling factors in the selection of the transmitting and receiving
equipment include the material to be transmitted, the quality of transmission
desired, the available interconnections (telephone l’res, cebles, broadcast,
etc.) between transmitting and receiving equipment, end the cost of the inter-
connections. Typical interconnecting links are standard telephone, telegraph,
and teletype circuits; private telephone voice lines; broad-band computer-to-
computer circuits; special-purpose television circuits, and microwave relay.

The factors to be considered in planning a library application using trans-
mission equipment as an integral element of the system include:

8. 'The storage medium for the document (hard copy, microfilm,
magnetic tape or disc, in image form, or in digitel data
form, ete.).

b. Number of access stations and distances between the access.
stations and the central store.

C. Number of documents to be stored.

d. Simultaneous access requirements (i.e., how many users will
be looking at the same document at one time), or total
transmission load at one time.

e, Quality requirements of document--number of characters,
illustrations, halftones, size of page image, size of type
face, ete.

f. Tuage form desired at output station, e.g., hard copy,
microform, image only, or a combination.

g, Cost.
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- A comparison of current transmission speeds, based on a page characteristic of
60 characters per line and 50 lines per page (a total character count of 3,000)
shows that teletype and facsimile (or long-distance xerography) require
approximately 220 seconds for the transmission of one page. In contrast, it
takes only 1/30 of a second per page for video transmission.

Both the speed and quality of transmission are a function of available tand-
width. Work of the standards committee on image transmission has established
a resolution scale, based on examination of 8-point type material, as follows:

100 lines/inch - unsatisfactory
135 lines/inch - marginal
190 lines/inch - fair

Present equipment on voice grade lines produces about 96-line resolution.

It is estimated that it takes about 6 minutes to transmit one page at 100
lines; 11 minutes at 135 lines; and 22 minutes at 190 lines. Hence, the
cost per page increases 370 percent to obtain a 90-percent increase in
quality. Costs, on this limited basis, increase 3 times as fast as the
quality (89). However, there is considerable rromise in long-distance
xerography. Although one study showed a discouragingly.high cost ($7.26

for transmitting and reproducing a l0-page document over a TS5-mile distance),
the technique produces better quality reprcductions than ordinary facsimile.

For a given library application, costs per image, per operating hour, etc.,
can be determined only in relation to a particular configuration of equip-
ment. However, some rough guides to current costs can be given:

a. Books. Mailing costs per book are about 10¢ per book
(based on a U¢/1b. library rate). Time for "transmission"
is about 120 hours (5 days). Cost of reproduction (full-
size hard copy) of a book of 200 pages can be estimated at

$6.30.

b. Fiche. Mailing costs for 5 fiche are 5¢ for first-class
meil. Time for transmission is about 48 hours (2 days).
Costs of reproducing a set of 5 fiche (into more fiche) can
be estimated at $0.75.

C. Facsimile. TFacsimile equipment costs for 96-1ine resolution
are approximately $1,800 per month for both transmitting

; and receiving equipment (assuming one receiving station).

Time per page is about 6 mintues, and cost for telephone

time can be estimated at $1.50. Printout in hard-copy form
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is about 8¢ per page. Assuming usage of 170 hours per month,
costs for equipment and telephone lines would average about
$2.75 per vage for cross-country transmission.

d. Video. Video equipment costs for 900-1line resolution are
approximately $18,000 for transmitting equipment, $12,000
for receiving equipment (buffer, display refresher and
display), and about $100,000 per month for rental of a
coaxial cable linking points 3,000 miles apart (assuming
$35 per mile per month). Transmission speed is at 30 pages
per second. If we assume that reading speed is 10 seconds
rer page, and buffer capability is one page, the transmission
requirement is one page every 1O seconds. Costs for that
page can be estimated at 3¢ for equipment, and 16¢ for line
charges, or 19¢ per transmitted page. Any reproduction of the
video image can be accomplished at conventional prices at
the receiving facility, or at a hard-copy pri. iwut price
muximm of 8¢ per page. |

None of these prices include maintenance of equipment, and supplies for thst
equipment. Maintenance of the video equipment can be extremely expensive,
verhaps 25 percent of the yearly equipment costs.

In general, one can say ‘that fiche provide the lowest cost per bage trans-
mitted and that video equipment, while providing low per-page costs, does
require a large capital investment. (waever,costs for line charges in a
video system can be reduced from the maximum distance cost of 16¢ per page
to an estimated cost of one cent Per page for short-distance transmission.)
It is clear that a cost/effectiveness study, including some analysis of the
relative value of information obtainable within L8 hours, versus, say, one
second, certainly must form a part of any planning for the improvement of
library service.
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- 0-6.2 FUTURE DEVELOPMENTS

In general, it is expected that both the accuracy and the data-transmission
rates of various kinds of telecommunications equipment will increase in the
near future (25). Communications satellites, vwhich are currently in a
development and testing phase, can also be expected o have some potential

as a medium for transferring documentary information. What is not yet

clear is whether there will be sufficient integration of the various kinds of
transmission media and networks to serve the purposes of a more highly inte-
grated library network. Even though an organization (+he National Communica-
tions System) was established in 1963 to help coordinate the planning and
optimized use of Federal telecommunications resources, there does not yet
exist a truly integrated, compatible Federal telecommunications network.

Several programs are under way to develop working systems for retrieving
from a central store, transmitting the image to a different location, and
viewing the imasge at that location. For example, one objective of Project
Intrex is to Pprovide ualimited access to the MIT library collection of one
million books. There is 1o be

. guaranteed rapid access to the entire dats base (i.e., full
text) from every conmsole,

. rapid transmission of the data on request (at 1/2 second
per page), and

. high-quality dicplays, including engineering drawings,
mathrmatical expressions, foreign languagss, and special
symbols.

The system is intended to have the ability to advunce page images (turn pages)
of the book being read, by button action at the remote receiving coneole, and
to supply supplementary hard copy or microfilm, if needed.

Several other organizations are also working along scmewhat similar lir:-
RCA is requesting permission to experiment with newspaper or book page image
transmigsion, using standard commercial television channels, and modified
home TV sets. Use of the set for viewing text images in not expected to
make the set unusable for conventional TV. Bell Telephone is working toward
establishment of regiocnal data centers for engineering drawings, which will
be available on demand to each of the engineers and draftsmen within that
region. The Navy Department's Bureau of Ships has installed a system for
transmission of maintenance data from shore to ship, using microwave relay
techniques.
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On the assumptions that more and more serisls wi'l be publizhed in micro-
_fiche form and that portions of the report-type literature will b¢: almost
completely microfiche, it seems feasible to equip some local libraries with
remote consoles, using video displays. Present techniques and equipment
could be utilized to provide a significant number of local libraries with up
to 100 display and inquiry stations. These stations would have to be located
within about .2 mile .from the computer, ! .void special coaxial lines and
booster circuits. With a concerted efferi, it would be possible to convert
4O to 60 percent of the nation's libraries to the use of remote displsy
stations within 10 years. Needless to say, Tthe source documents would also
have to be ccuverted within the same time limits to provide competibility
between 914 and new materials. :

It alsc seems feasitle to provide video communication links between local
and regional libraries. If, later, regional libraries could be linked, it
would be possible to view documents, with minimum delay, from any repository
within the network. Transmission costs from a regional library to another
regional library, and then through a local library to a local viewer, can

be estimated to be somewhat under 30¢ per page. If the image were put on
microfiche at the receiving librery (or at any point on the circuit) at about
3¢ per page, subsequent viewing costs would be quite minimal. The quality
of the images thus obtained is difficult to predict; it would be worth some
experimentation here to provide a better basis for speculation.

In spite of the promize of this new technology, it seems unlikely that, for
the next ten years (or longer), libraries will, or should, expect the
dominant storage medium to be other than books and the dominant transmission
medium to be other than the U.S. mail. This 1s the one existing network
that can support the materials transmission needs of all libraries, regard-
lese of the exterst to which they choose to cooperate, amalgamate or Join

in an "integrat«?' "ational syetem.

C-7 TLASER TECHNOLOGY AND HOLOGRAFHY

C=T.l INTRODUCTION

The laser contains a material that can be handled in such a way that its
energy is released at one time (rather than in random sequence), and at
nearly the same wavelength (color). Furthermore, and particularly important
from the standpoint of future library technology, the light is coherent,

or, from the wave-theory point of view, in-phase. This coherence causes two
important effects: The first is that light is emltted in a narrow beam,
which makes the laser potentlially useful as a data transmission carrier. The
second is that it can be used for a type of photography know as holography,
which provides the ability to record many items, or many views of a single
item, on a single, small surface.
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_C-T.2 LASER DATA TRANSMISSION

The advent of laser technology promires a tremendous increase in what,

before satellites, had been thought of as an already overcrowded commnica-
tion capacity. The nearly instantaneous transmission of information over a
distance is dependent upon electromagnetic rsl'iation, that is, light and

redio waves. The four primary ways of transmitting such information over

long distances have been: (1) through the use of electromagnetic radiation,
propagated through the space between the receiving and transmitting stations;
(2) through coaxial cable; (3) by point-to-point microwave relay (which in
functional terms is equivalent to transmission by coaxial cable); and (4) by
Piping the electromagnetic radiation through cylinders known as wave guides.
Technigue (1) requires use of a certain band within the electromagnetic
spectrum,and no one else can use this band within the energy range of the emitted
radiation without causing interference for both himself and the other sender.
The other three techniques are mcre directional and use much narrower channels,
but they are also much more expensive to use.

The advantage of the laser beam is that it provides a wireless straight

cable, on vwhich it seems possible to impose signals. These signals can be
carried along the surface of the earth or by repeat transmission from satellites.
Though the results of laser research have been exciting and promising, the

work is still experimental and there are many problems still to be solved in

the modulation of the laser beam so that it can carry infurmation. We still

do not know when this experimental work will have advanced the techniques to

the point where they will be useful and economical for library applications.

C-T.3 HOLOGRAPHY

Holography, the other aspect of the new laser technology that may have impor-
tant results for libraries, is quite different from regular photography. The
result of regular photogiraphy is a picture that one observes by looking at the
Plane surface of a photographic plate. In holography, one looks through the
plane of the plate, so to speak; and sees an image on the other side of the
plate. The image is presented as if it were a reasl object, that is, the

image is seen three-dimensionally. If one looks from a particular vantage
point, one part of the image might block ocut another part. As one changes

the angle of view, by moving one's head or the plate, one can see what had
previously been blocked.

The hologram is produced by recording onto the photographic plate the wave

- lengths (technically, the interference patterns) reflected from the object
being illuminated by coherent light. Reading out is, in a seunse, simply

the reverse process: the plate is illuminated by the same wave length (color)
as whe: ‘he picture was taken, and one has the same effect as ‘seeing the

PR NPT W
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original scene. For library purposes, this has many potential uses. One is in
storing multiple images on one photographic plate. This is, of course, some-
thing that can already be done--though with a radically different technique--
on microforms. It can also be accomplished with the new but untried technique
of multiplex photography. However, & few investigators believe that the i
hologram has very great potential for high-density storage and retrieval
applications.

A more novel use of holograms in libreries would be for the storage of color
pictures of three-dimensional objects. Each hologram plate would contain
many v'ews of the object, seemingly from different angles, bu. actualily
taken with one exposure of the plate. If this technique were perfected and
made economical, one could well imagine greatly improved collections, in
libraries, of representations of statuary and other three-dimensional works
of art.

It is important to note that there are many research and engineering problems
to be solved before holograms can be used in libraries. We have no way, as
yet, of predicting when these problems will be solved. Thus, the techniques
to be considered for the immediate future are the more conventional me chods
of photography discussed in previous sections.
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